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ANNOUNCEMENT 


The next meeting of the American 
Roentgen Ray Society will be held in 
Cincinnati, October 3rd, 4th, and 5th, at 
the Grand Hotel. 


The Grand Hotel -is located on the 
south-west corner of Fourth Street and 
Central Avenue, and'so is within a few 
blocks of the most important shopping 
district. The Hotel extends from Fourth to 
Third Street, and its Third Street entrance 
is directly opposite the Union Station which 
the B&O, C&O, and Big Four ( New 
York Central) use. The L & N does also 
upon the request of passengers. The 
Pennsylvania, Erie, and C H & D arrive at 
other terminals but street cars connect these 
directly with the Grand Hotel. 


Arrangements have been made whereby 
the Convention Hall, the Exhibit and board 
and rooms for the members are furnished 
under one spacious roof. There will be 
ample accommodation for all upon either 
the European or the American plan. The 
rates for the latter will be three dollars a 
day up. 


This is a very large and well appointed 
hostelry, which is able and anxious to afford 
the Convention every accommodation. 


Lantern slides are expected to be an 
important feature and every arrangement 
for this has been made. The lantern is of 
the best and the hall can be perfectly 
darkened. 


Any suggestions from members which 
are intended to add to the success of the 
Convention, or to the comfort or pleasure of 
those attending can be sent to 

Dr. Kennon Dunham, 


2503 Auburn Ave., 


Cincinnati, Ohio. 
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EDITORIAL DEPARTMENT 


At the recent meeting of the American Medical 
Association at Atlantic City there was presented a most 
interesting exhibit of roentgenograms under the auspices 
of the Philadelphia Roentgen Society. The exhibit.was 
a decided success, and attracted much attention.’ While 
it embraced a variety of subjects, it was along distinct 
educational lines and served to demonstrate to the pro- 
fession many of the diagnostic uses oi the Ray. Great 
credit is due to the Philadelphia Roentgen Society for 
the labor and enthusiasm, which brought. together and 
properly exhibited such a fine display of negatives. All 
X-Ray workers should give thanks to Doctors Leonard. 
Newcomet and Smith, the committee in charge. It 1s to 
be hoped that at successive meetings of'the Américan 
Medical Association similar exhibits may be held, which 
will bring forcibly to the attention of the profession the 
constantly widening field of’ the Roentgen Ray in 
diagnosis. 

In the collection of negatives the critical observer 
found much to praise and little to condemn. The great 
majority of the diagnostic plates were, from a technical 
standpoint, of distinct merit, a few plates showed lack 
of penetration, insufficient exposure, overdevelopment ; 
a somewhat larger number showed lack of immobiliza- 
tion of a part under examination, with the ‘consequent 
loss of fine detail. Comparison of this exhibit with ex- 
hibits of our Society in former years show, however. 
that the technical skill of the workers is constantly in- 
creasing and the results consequently are much more ac- 
curate. A pleasing feature of the exhibit was the fact 
that it brought together those interested in this sub- 
ject, and almost any time while the room was open lit- 
tle groups of interested observers could be seen in earn- 
est discussion over different plates. In this way the 
demonstration was of the utmost value to those directly 
interested in this subject, as well as to the general 
profession. 

In a recent conversation with a prominent member 
of our Society, the inconvenience of our present 
nomenclature was touched upon. The trouble of prop- 
erly pronouncing such words as “Roentgenogram,” 
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“Roentgenography,” etc., is indeed a matter to be de- 
plored. If the American Roentgen Ray Society could 
devise a nomenclature which would be properly expres- 
sive but less cumbersome it would indeed be a work 
which would be welcomed with joy by those who have 
constantly to use these terms. 


The value of the time and temperature method of 
development does not seem to be sufficiently recognized 
by those engaged in Roentgenology. In photography 
proper it has been conclusively demonstrated that a nor- 
mal developer at certain temperatures gives the best re- 
sults when allowed to act upon the plate for the normal 
time. Many X-Ray workers think it necessary to watch 
the plate constantly during the process of development ; 
however, every time a plate is lifted from the solution 
and examined, there is 2 certain amount of fogging takes 
place, with the additional risk of damage to the sensitive 
film. The photographic experts of the world have shown 
that after development has once started it is impossible 
to influence the end result by any change of solution. It 
would be gratifying if some of the workers of our So- 
ciety would take up this question, and, by a series of 
experiments, show whether the final plate is influenced 
at all by other factors than the exposure. 


In a certain section of the country there exists a 
small society of three Roentgen Ray workers who live 
in adjacent cities. Once a month they hold a half day 
meeting at which the plates which have been taken since 
previous meetings are displayed and discussed with dem- 


onstrations of new wrinkles in technique. This little so- 


ciety has been found to be of the utmost valué to its 
three members, and the interest has been unabated for 
over a period of two years, so much so that practically 
nothing is allowed to deter a member from attending. 
In various cities the frequent meetings of the medical 
societies furnish great stimulus to the members of the 
medical profession. ‘To those interested in special work 
the value of the opportunity of discussion of technical 
points is very considerable, and furnishes a stimulus 
which should not be despised. 


Through the generosity of the Philadelphia Roent- 
gen Society the frames used in the Atlantic City exhibit 
have been donated for the annual meeting at Cincinnati. 
This will allow of a considerable number of negatives 
being shown and will permit the exhibit committee to 
extend somewhat the scope of the original plan as out- 
lined in the last number.of the Quarterly. Owing to the 
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departure of Mr. Dachtler to Europe for study and 
recreation, Dr. Percy Brown, of Boston, has been made 
chairman of the exhibit committee. 


A CORRECTION 


June II, 1907. 
To the American Quarterly of Roentgenology: 

I desire to make a correction. The criticism made 
upon Dr. Coakley’s paper on page 34, vol. 1, No. 2 in 
the discussion of Dr. Caldwell’s paper upon the Acces- 
sory Sinuses, I find to be unjust, since in his paper upon 
this ‘subject in the “Annals of Otology, Rhinology and 
Laryngology, March 5, 1905. I find that he gives due 
credit to Dr. Caldwell for his work. 

Yours very truly, 


G. E. Pfahler. 


RADIOGRAPHIC EXAMINATION OF THE STOMACH. 


The entire first number of ‘‘Mitterlungen aus dem Labora- 
torium fur radiologische Diagnostik and Therapie in k. k. algemeinen 
Kraukenhaus in Wien,’’ issued by Dr. Guido Holzknecht, is devoted 
to a series of six rather exhaustive articles dealing with the ap- 
piication of Roentgen rays to the diagnosis of those thousand dis- 
eases which are accompanied by distinct changes in the size, shape, 
position or character of the peristaltic waves in the stomach. 

The first article by Holzknecht and Brauner deals with the 
general method adopted by them in the employment of Roentgen 
rays in examination of the stomach. The article is illustrated 
by numerous cuts illustrating the method employed by them and 
showing typical fluoroscopic pictures illustrating the appearance 
of the stomach in different positions and in various stages dur- 
ing the fluoroscopic examination, 


The authors make use of the well-known fact that the different 
parts of the digestive tract have the same degree of permeability to 
Roentgen rays and that this permeability is for all practical’ pur- 
poses the same as that of most of the surrounding tissues and that 
therefore it is necessary in the examination of any one organ or part 
of the alimentary canal to render this particular part either more 
permeable or less permeable to the rays than the surrounding or- 
gans or tissues. They have found the latter more practical and 
more readily accomplished and employ for this purpose bismuth in 
the form of capsules containing 2 grains. The operator and pa- 
tient are protected by a large lead screen having an opening be- 
hind which the tube is placed and the patient stands in front of 
the tube so that the region to be examined is oppoiste the opening 
in the lead sereen. The patient then swallows the bismuth capsule 
and the movements, position, etc., assumed by the bismuth capsule 


is followed upon the fluoroscope. By means of a table covered 
with lead sheeting containing a diaphragm opening beneath which 
the tube is placed the patient can be examined in various recumbent 
positions. 

The chief feature of the author’s article seems to be in the 
clearness with which they have brought out the advantages of the 
fluoroscopic over the skiagraphic method of examination, giving as 
this method does a continuous picture for periods varying from a 
few minutes to several hours and making possible’ the examination 
in practically all positions. The examination can also be made 
with an empty stomach, a stomach distended by gas or filled by a 
full meal. 

The second article by Holzknecht and Jonas deals with the 
diagnosis of constricting tumors of the pylorus by the radiologic 
method. The stomach is first washed out and the patient is then 
given a quantity of gruel containing 2 grains or more of bismuth 
subnitrate and the fluoroscopic examination made in various posi- 
tions. In tumors causing pylorie constriction or narrowing with 
the dilatation of the-stomach the bismuth fills the lower part of 
the stomach, leaving the pyloric pole empty when examined in the 
erect posture. When the patient lies on his right side the pyloric 
position is entirely filled and the cardiac end may appear empty. 
The change of position of the bismuth with changes of the patient’s 
position shows that even when the pyloric position is filled with 
the bismuth gruel it is unable to pass into the duodenum. These 
findings controlled by other chemical findings are very useful in 
making a diagnosis in suspected cases of cancer of the pylorus. 

The third article by Kaufman and Holzknecht is a Roentgen 
ray study of the peristaltic waves in the pyloric portion of the 
stomach. By administering the bismuth gruel and observing the 
stomach on. the screen for some time the peristaltic waves can be 
distinctly made out moving along the greater curvature toward the 
pyloric position of the stomach. The presence of tumors involving 
the greater curvature may so modify there peristaltic waves that 
the changes in the character and direction of the waves may have 
important diagnostic value. 

The last two articles by Holzknecht deal with the application 
of the Roentgen method to the determination of the form, size and 
location of the normal stomach. MHolzknecht concludes from his 
examinations by this method that in the majority of adults evi- 
dences of gartroptosis in a greater or less degrée are present, 
and that in a majority of adults we may properly speak of a ptosis 
of the stomach as the condition found. In this he agrees with 
Virchow, who said in 1890 that in the majority of all adults a cer- 
tain degree of dislocation of the abdominal organs, especially the 
stomach and intestines is found at autopsy, and that far more per- 
sons are affected with this dislocation of the abdominal organs 
than have a normal location of the abdominal viscera. 


Doubtless this application of the Roentgen method of examina- 
tion of the stomach and intestines has many advantages over the 
method of making plates. It is, however, extremely tedious of 
application and the information it gives is no more accurate in 
many conditions than that given by other clinical methods less 
time consuming and more easy and agreeable in application 
both to the patient and the physician. In certain doubtful cases 
where the ordinary clinical methods give uncertain results or are 
not otherwise applicable the radiologic method should be tried. 
Chief among these conditions might be mentioned hour glass con- 
traction of the stomach, tumors. of the pylorus and tumors involving 
the greater curvature. 


JOSEPH F. SMITH. 
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THE STANDARDISATION OF RADIATIONS. 
By CuHar.es E. S$. Ph. D. 
London, Englaad. 

I have accepted with great pleasure the invitation with 
which you have honoured me, to send in a paper dealing 
with the question of the standardisation of radiations. 

The need for a measure of radioactivity and the de- 
mand for a unit in terms of which to express the radiation 
from an X-ray bulb are becoming pressing. 

Every investigator finds it necessary to set up an ar- 
bitrary standard of his own for experimental work, involv- 
ing the knowledge of the relative activity of a number of 
substances. And the medical practitioner especially requires 
that an agreement should be come to regardirg a method 
for the comparison of those rays which are found so 
beneficial in the treatment of disease. 

The question, however, is full of difficulties and vhy- 
sicians have delayed in dealing with it on account of un- 
certainty as to the best property of the radiations to select 
for the measure of their effectiveness. 

In the meanwhile certain rough methods have arisen 
for the comparison more especially of specimens of radium. 

Now, the desirability of repeating and extending in 
one laboratory the results announced from another is often 
of the greatest importance, and especially is it necessary 
that a medical man may be able to define the conditions of 
treatment with radiations so that his work may benefit as 
wide a circle as possible. And again there is also the com- 
mercial aspect of the problem. To purchase: an expensive 
sample of radium bromide entirely on the assurance of the 
dealer as to its merit is, to state the case as politely as pos- 
sible, thrusting too much responsibility upon him. 
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There have been occasions already when the dealer’s 
mistake has somewhat discouraged his client. 

The public is required to pay large sums for a quality 
which it has no accurate means of estimating. ~ 

How are we to know when buying radium that we 
have our money’s worth? 

The Roentgen Society of London has for some months 
past been aware of this anomaly and now asks the help of 
all interested in the matter to assist toward formulating a 
standard in terms of which the activity of substances may 
be expressed with accuracy, and one by which the radia- 
tions from a focus tube can also be estimated. 

And the Society, fully appreciating the intricate nature 
of the inquiry, has appointed a committee to collect infor- 
mation and to digest any suggestions which may be sent 
from physicians and others interested in the proposal. 

It is not possible to predict thus early in the work 
whether the committee will be in a position, by the spring 
of next year, to submit a complete system of measurement 
which will be acceptable to those in all parts of the world 
who are engaged upon radioactive or X-ray work, but it is 
hoped that by then ‘at least some useful progress will have 
been made toward that end. 

I need therefore hardly say that any suggestion upon 
the subject which may come from your Society as a whole 
as well as any scheme or idea which a member may ituli- 
vidually be so good as to send the committee, will be grate- 
fully ackrowledged and carefully considered. 

The problem may be looked at from at least two main 
standpoints, namely, that of the X-ray worker and that of 
him whose investigations lie among radioactive bodies. 

If we choose X-rays as the particular type for stand- 
ardisation, a large number of factors enter into the problem. 

To make an X-ray apparatus, for instance, which shall! 
give off a definite pencil of rays under given conditions 
would be difficult enough. Moreover, if to measure the 
activity of a piece of radium it were necessary to set in 
action the standard X-ray bulb for comparison we see how 
undesirable is the notion. Nevertheless, while deprecating 
a multiplicity of units, the problem is being actively at- 
tacked by the X-ray expert and a compromise arrived at 
by standardising not the rays themselves, but an electro- 
scope to be used as a meter. Each instrument maker will 
presumably have his own view as to the best design for his 
particular standard electroscope, and the number of so- 
called standards of radioactivity will be legion. The only 
thing in favour of this idea appears to be the attention it 
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OF ROENTGENOLOGY. 3 
has called to the whole subject and to the need for immedi- 
ate action on the part of those who desire to place the stand- 
ardisation of racliations upon a sound basis with the least 
possible delay. Let us start rather from the other stand- 
point and postulate a standard pencil of rays emitted con- 
stantly by a substance. 

Having chosen ionisation, say, as the property in 
terms of which the arbitrary unit is to be established, we 
may express at once the activity of an X-ray bulb by a 
direct comparison in a suitable apparatus If, for instance, 
we standardize the gamma rays from radium, the ionisa- 
tion produced may be directly compared with that given 
by X-rays after applying a correction for the absorption 
of the rays by air in each case. The radio-active standard 
would be small, easily managed and not necessarily ex- 
pensive. Anyone possessing a copy of the unit could cal- 
librate his own electroscope in a short time, or, if he 
prefer, might use a differential electroscope and adopt a 
zero method. The standardisation of electroscopes. will 
never make for real progress in this question, even 
though it may certainly be of some temporary utility for 
the rough comparison of X-ray bulbs. 

The recent work of Prof. Rutherford makes it ap- 
pear undesirable to use radium as the source from which 
we are to obtain the rays for standardisation, because its 
radioactivity does not appear to be sufficiently constant. 

It has been suggested that uranium be chosen, and 
that two units be set up of. different strengths, one utilising 
the rays from uranium and the other for practical every- 
day use, those from radium. Thorium, too, has been sug- 
gested. 

Assuming that a constantly emitting substance is dis- 
covered, the selection of a definite property for the meas- 
urement still remains. 

There are many questions to consider. 

A unit of radioactivity is required by science and 
commerce alike, and there is surely good reason for believ- 
ing that a suitable one can be devised. 

I venture to think that it must be the essence of our 
undertaking to frame the standard upon as broad a basis 
as possible. C. E.:&.. 


AMERICAN QUARTERLY 


Discussion on paper by Mr. Phillips. 


Dr. CHARLES LESTER LEONARD, Philadelphia: We must certain- 
ly agree with Mr. Phillips that a uniform standard and method 
of measuring all forms of radiant energy would be of the utimost 
scientific and practical value. We must also endorse the broai- 
minded manner in which this subject has been approached by the 
London Roentgen Society. Their committee is made up of men 
whose names are standards of worth in science and their appeal 
must ring true in the hearts of the members of this society. The 
object of this society is to further the scientific employment of tlie 
Roentgen ray in every possible manner, and in no way can we do 
more than by aiding this committee in its work. Both individually 
and collectively we are asked to assist, and I hope the response will 
be a generous one, for I feel that we can render valuable assistance 
if the proper effort is made. There should be serious discussion of 
this subject, and it should not stop with this meeting, but each 
individual should keep it in mind and send his best thoughts and 
suggestions to this committee. ; 


All the various forms of energy that are utilized in the sci- 
ences and arts, in mechanics and in industrial work, all energy 
that accomplishes work is measured in standard units. These units 
vary widely as to whether they measure the chemical action of light 
photographically or the powers of Niagara developed in kilowatts. 
The measurement of energy produced under known conditions in 
standard units is universal. Radiant energy is capable of measure- 
ment, but the standard by which such measurement is to be made 
has not yet been decided on. When this has been accomplished, a 
universal language wiil, as it were, be provided for the interchange 
of thought and, practically, for standardizing and evaluating the 
various agencies capable of producing radiant energy. ‘Che prob- 
lems for decision have been clearly stated by Mr. Phillips, but the 
principal problem, so far as we are concerned, is whether that unit 
shall be a minimum with high multiples to express the maximum, 
or whether it shall be a medium unit like the gram, with lesser 
divisions like the’ centi and milligram, and greater, like the kilogram. 


This question is one of particular importance to the Roentgen 
Ray worker from a practical standpoint. It has been practically de- 
eided that the ionizing power of radiant energy is the factor by 
which it can be most readily and accurately measured. it is com- 
prehensive in its scope and includes all powers of radiant energy 
possessing this power. It-is possible to adopt a standard unit 
which can be expressed in definite terms without referring that 
stanard to a definite physical object or standard radiating sub- 
stance. We are still in the dawn of knowledge regarding radiant 
energy and radiant matter. We cannot see clearly its true nature. 
Even the supposedly immutable radium has been shown lately, by 
Rutherford, to be subject to change. In setting an arbitrary stand- 
ard for the use of the human intellect, why strive to find one that 
is immutable, in this world of change? The finite is all that our 
intellects are capable of comprehending, or our work-a-day world of 
utilizing. Why try to express in definite terms that approximate 
infinite accuracy, that which at best must be expressed in terms of 
the unknowable? Why complicate our ignorance by attempting to 
measure the unknown in terms of other unknowables? 

The discoverer of the X-ray showed his wisdom and his respect 
for the unknowable by giving the rays the name of the unknown X. 
That. wise forethought has been justified by the limited increase in 
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knowledge regarding them that science has been able to make in 
the last decade. Their radiant energy and that of all radiant matter 
may be measured in terms of one of the properties he described, the 
ionizing power. This method of measurement is one of the most 
accurate known to science, and is adaptable through the electroscope 
to all radiations, A standard mass of radiant matter capable of 
producing a given amount of ionization in a given time is not 
necessary or even possible to attain. A quart of water might as 
well be said to be the amount that would pass through an opening 
one centimeter in diameter, under a given pressure, in a given 
length of time, under standard conditions of barometer and tem- 
perature, 

Electrical units are definitely known and determinable. ‘he 
electroscope is an instrument capable of standardization and of re- 
peated definite measurement. Why should not a unit be adopted 
that can be expressed in these known and commonly employed terms? 
A unit of ionization will then be the unit quantity of electricity (to 
be determined) passing across a unit gap, in unit time, under the 
influence of radiations at unit distance under standard conditions 
of barometer and temperature.~ The quantity of electricity; the 
size of the terminals; the distance between them at the gap; the 
unit of time; the distance of the source of the radiant energy, end 
the standard electroscope and its unit reading are the things to be 
determined by this committee. Such a standard method of :measure- 
ment would be applicable to all forms of radiant energy. If neces- 
sary, the distance or time factors could be varied proportionately, 
so that rapid measurement of the weaker and stronger sources of 
radiant energy could be measured readily with the same instrument. 
The electroscopes could be standardized by comparison with a stand- 
ard instrument and certificates of accuracy granted. By this method 
a working standard would be obtained which would express in 
known terms now commonly in use measurements of the unknown 
energy we employ, one that would have a capacity for variation 
that would adapt it to the weakest as well as to the most powerful 
sources of energy. 
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NOTE RELATIVE TO THE ESTIMATION OF 
ROENTGEN DOSAGE. 


By Henry G. Pirrarp, M. D., New York, N. Y. 

I use the term estimation in preference to measure- 
ment, as there does not exist at the present time, so far 
as known to me, any method by means of which the quan- 
tity of X-rays delivered, and their biological effects, can 
be directly measured. 

Numerous methods, however, are at command where- 
by certain physical and chemical phenomena may be meas- 
ured and their effects on the tissues estimated with more 
or less accuracy. The most thorough discussion of the 
various methods already proposed, that I know of, will be 
found in articles by Bordier (of Lyon), H. Lewis Jones 
(London), Kienbock (Vienna), Hall-Edwards ( Birming- 
ham), and Reus (Chemoga),* contained in the June issue 
of the “Archives of the Roentgen Ray.” 

Holtzknecht’s method is the one that certainly has 
been exploited the most, but is now very generally dis- 
credited. Sabauraud and Noire used little pastilles of 
platino-cyanide of barium, which under the influence of 
the rays change from green to yellow and finally to 
orange; and from all accounts this device gives perfect 
satisfaction in the city of its birth. One objection to it, 
however, is the fact that to use it effectively necessitates 
a small tube whose diameter does not exceed four inches. 
Bordier also employs the platino-cyanide as an indicator, 
but has greatly improved on the Sabauraud device in so 
much as with his pastilles a tube of any size may be used, 
and he has a comparative color scale of five tints, ranging 
from a faint trace of yellow to deep orange. 

The change in the color of the platino-cyanide is due 
to dehydration of the salt under the influence of the rays 
and without doubt works well when the atmospheric 
humidity is low. A warning, however, comes from Lon- 
don, as the damp atmosphere of that city so hinders the 
color changes that a dangerous over-exposure is liable to 
occur if the test color is relied on. My personal experi- 
ence last summer tends to confirm these findings. This 
summer the Bordier pastilles reached me about the middle 
of July and I immediately made a test with an exposure 
that certainly would have resulted in a severe burn of the 
third degree, and yet the color change would simply indi- 
cate the mild erythema. A similar test was made with 
radium, and with the same result. I then heated one of 
the pastilles so as, in a measure, to dehydrate it, and the 
color change was very decided. I feel justified, therefore, 
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in concluding that the platino-cyanide indicators cannot 
be safely used in New York City during the summer sea- 
son, when for eight or ten weeks the relative humidity 
rarely falls below 80 degrees anid often runs up to go 
degrees or more. 


There is still another objection to the platino-cyanide, 


as the color change must be examined by daylight, not by 
artificial light. 


It occurred to me a few weeks since to measure the 
intensity of the electro-static field surrounding a Crookes 
tube during an exposure, thinking that it might possibly 
be a convenient means of estimating the energy that was 
being given off. 


To do this, I took a brass ball about one and one- 
quarter inches in diameter and supported it about four 
inches from the wall of the tube and just within the circle 
of the rays issuing from the anterior hemisphere. The 
ball was then connected by a conducting cord about eight 
feet long to the charging device of an electroscope. As 
soon as the current passed through the tube, the aluminum 
needle or foil indicated the charge, and the angle was 
easily read off on the scale. 


For this purpose, I found both Braun’s electroscope, 
which is graduated in volts, or the writer’s, which is grad- 
uated in degrees of an arc, very convenient, and I found 
that the angle varied directly with the current passing 
through the tube. It further showed whether the tube 
was running steadily or not, and also indicated any notable 
change in the vacuum. 


I have not yet been able to give the matter a thor- 
ough therapeutic test, in so much as I am not a frequent 
user of X-rays, and I present the matter now as a pre- 
liminary note, in order that those who use the rays more 


frequently may ascertain its practical value in this connec- 
tion. 


P. S.—Since the foregoing was written I have re- 
ceived the August number of the “Archives of Physiolog- 
ical Therapy.” and in it find an article by Columbo which 
fully bears out my own conclusions as to the unreliability 
of the platino-cyanide methods, and I also find, somewhat 
to my surprise, that others have experimented with the 
electro-static field, but the details are not as yet known to 
me. It is more than possible, therefore, that the foreign 
technics may be superior to my own. 
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A NEW DIRECT READING X-RAY METER. - 
Gro. C. Jounston, M. D., Pittsburg, Pa. 

Ever since Roentgen discovered the existence of the 
invisible form of wave length, since known by his name, 
efforts have been made to devise a means whereby a 
measurement could be obtained of the quality and quan- 
tity of rays emitted from the excited Crookes tube. With 
these attempts at measurement, this Society is familiar, 
but I shall enumerate thein briefly, calling attention to 
the virtues and defects of each. 

First: Holzknecht’s Chromoradiometer. This con- 
sists of a quantity of potash salts mixed with copal var- 
nish inclosed in a celluloid capsule. As furnished to the 
operator this capsule is about the color of the varnish, a 
dirty yellow, but under the influence of the rays, it 
changes in color, becomes finally green. There is fur- 
nished with the capsule a scale of shades of green, divided 
into 11 spaces. The reagent having been exposed to the 
ray, is moved along the scale until a point is found where 
its tint matches a tint upon the scale. Thus, if tint 4 of 
the scale matches the tint of the capsule, the surface upon 
which the capsule was placed during the exposure is said 
to have received 4 units. H. Holzknecht claims that by 
the use of this re-agent an exact dose may be-given and 
precisely the degree of reaction prescribed and pre-deter- 
mined will follow. It seems, however, that this method is 
not free from error, and I possess a dim recollection of one 
case where the result was so disastrous as to result in the 
assessment of punitive damages at the hands of an un- 
appreciative court. These capsules having once been used, 
regain their color upon exposure to light, but must never 
be used again. 

This method takes no account of idiosyncrasy ; in fact. 
it ignores it, whereas every operator of experience knows 
that frequently an individual is met with, possessing such 
peculiar susceptibility to the undesirable effects of the ray 
as to render him an object of concern to the peace of mind 
of the Roentgenologist. 

The unit H. is defined as that quantity of X-ray, ex- 
actly capable of producing a certain reaction upon living 
tissues. Such a unit is inexact and unscientific and should 
be replaced by one founded upon definite chemical action 
as evidenced by the amount of a known salt (in solution 
or otherwise) decomposed by exposure to the ray, all other 
decomposing factors being carefully eliminated, or better 
by a C. G. S. unit founded upon the equivalent heat value 
of the ray when so transformed. 
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Freund’s method consists in estimating the amount of 
free iodine liberated by the ray when a solution of iodo- 
form in chloroform is exposed to the ray. This reagent 
being sensitive to light must be employed in non-actinic 
containers and the amount of iodoform liberated deter- 
mined by means of quantitive analysis. This is a very 
exact method of telling what you have done, after you 
have done it. 


Sabouraud makes use of the platino-cyanide of bar- 
ium, made into little wafers pasted on paper. The cyan- 
ide, upon exposure to the ray, changes from apple green 
through red, brown to maroon. With these pastilles is fur- 
nished one which has been exposed to a certain quantity 
of radiation corresponding to the maximum dese of X-ray 
which it is safe to apply to a healthy skin of a normal pa- 
tient and which is just enough to. produce a temporary 
epilation but not enough to give rise to a dermatitis. This 
device is particularly intended for use in the treatment of 
sycosis and other diseases where a quick, painless epila- 
tion is desired. The pastille must be placed not on the 
patient’s skin, but at a distance of eight centimeters from 
the anti-cathode. In some tubes, however, this would ne- 
cessitate placing the pastille on the surface of the tube, or 
even inside the tube, and with such a tube, the pastille is 
so close that it is acted-upon by radiant heat from the iube, 
which will promptly produce the same change of color as 
the X-ray. These pastilles must never be used for the sec- 
ond exposure, although they do regain their color when 
placed in the light and where they may absorb moistur< 

Kohler attempted to measure A-ray py means of a 
thermometer in the wall of the tube. This method does 
not need discussion in order to condemn it, as no one has 
ever proved any relation between the heat and the X-ray 
emitted through any given tube. 


Kienbock places on the surface under treatment a piece 
of photographer’s paper enclosed in a non-actinic envelope. 
After the patient has been treated or at any time during 
the treatment the jacket is removed, the slip of paper is de- 
veloped and compared with the color scale. This method 
is accurate if the same sensitometer test paper is always 
used, if it be developed immediately following the exposure 
in the same developer, at the same temperature, for the 
same length of time, washed and hypoed for the same 
length of time, and always examined either dry or wet. 
But it introduces a personal equation in that the devel- 
oped slip must be compared with a graduated scale of tints, 
thereby permitting of great error. 
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Guilleminot compares the illumination of a fluorescent 
screen under the action of a sample of radium of known 
strength with that of a screen exposed to the influence of 
an X-ray tube, and measures the square of the distance of 
the screen from the tube necessary to produce equal il- 
lumination. Anyone who has tried to compare the fluor- 
escence of two screens under different illumination or who 
has ever made any photometric readings, will appreciate the 
possibility of gross error in this proceeding. 

Bordier uses platino cyanide of barium made into a 
pastille, the back of which is adhesive and is to be at- 
tached to the skin over the part under treatment. There 
is supplied with these pastilles a color scale having four 
tints; No. 1 a dull yellowish green. This is exactly the 
shade that the pastille will take when it has been exposed 
to the maximum dose of X-rays compatible with the com- 
plete integrity of the normal skin. With this dose, the 
hair falls out 20 days after the exposure, but grows again 
in another 20 days and no reaction is present unless a very 
low tube is used. Other shades correspond to increasing 
doses of the ray. 

The milliampere-meter when placed in series with the 
X-ray tube is of great value when in the hands of an expert 
employing it with a tube with the working of which ex- 
perience has made him thoroughly familiar. But it is 
necessarily an exact measurement of the current flowing in 
the tube circuit and nothing more. And when one or a 
series of valve tubes is employed in the circuit, it is not even 
a measurement of the internal resistance of the tube. I 
have one tube which gives a beautiful fluorescence and 
backs up a spark-gap of two inches. Yet when taking a 
current of two and one-half milliamperes, it gives off no 
X-rays whatever; at least none that can be detected by 
means of a fluoroscope. With a normal tube, however, and 
a coil that is free from inverse discharge, it is a very val- 
uable instrument, especially when making quick exposures 
with heavy currents in radiography. 

The meter which I have devised resembles these de- 
scribed in no respect. In my device a direct reading is 
given by a pointer moving over a graduated scale, the 
movement of the pointer being in direct relation with the 
quantity of one quality of radiation, and that the most im- 
portant emitted from the tube. What I measure is the 
quantity of rays which have the power of rendering fluor- 
escent certain salts, such as barium platino cyanide, tungs- 
tate of calcium and others. These rays are the so-called 
X-rays, and while there are undoubtedly many other forms 
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of radiation emitted from an X-ray tube when in action,.yet 
it is sufficient for the purpose that we are able to measure 
accurately, continuously and safely the X-rays alone. This 
is accomplished by means of the following device. 

It is well known that when the X-rays strike upon 
particles of certain salts, tungstate of calcium, for example, 
these salts if observed in darkness, may be seen to become 
brilliantly luminous or fluorescent, and this fluorescence 
bears a constant ratio to the intensity of the rays and to 
the distance from the point of emission of the ray, as they, 
in common with all forms of wave length emitted from a 
point, fall off as the square of the distance. 

Now it has been customary among X-ray workers since 
the discovery to judge the amount and the quality of the 
X-ray emitted from any tube when in action by observing 
this power of the ray in inducing fluorescence, by means of 
a screen coated with crystals of tungstate of ca!cium or 
other salt and made part of a light-tight box, having an 
aperture for the eyes of the observer, such contrivance 
bearing the name of a fluoroscope. 


Estimations of the power of penetration of the ray were 
made by holding behind the screen in the path of the rays 
various objects (usually the hand of the observer), and this 
practice was responsible for serious injuries, loss of fingers, 
hands and lives, since the repeated exposure of the op- 
erator’s person to the ray resulted sooner or later in pe- 
culiar ulcerations miscalled X-ray burns, but in spite of this 
danger this method is persistently followed at present be- 
cause experience has shown that it is the best way of 
actually determining the quality and quantity of invisible 
radiations emitted from the tube. In place of the observer’s 
hands various other objects possessing a variation in the 
degree of opacity to X-rays have been substituted and are 
used for such observation, but the readings are inaccurate. 
They require, since they are made in the dark, that the ob- 
server's eye should be accustomed to the darkness, hence 
their accuracy depends upon the condition of the observer’s 
eyes at the time the reading is made, and no two observers 
will read the same degree of penetration. 

In my invention the fluorescence induced or produced 
upon a tungstate of calcium or other screen is employed as 
indicating the quantity of the X-rays emitted. The fluor- 
escent screen is placed in a light-tight box or container. 
Facing the fluorescent screen is placed a selenium cell, 
which cell, as is well known, has the property of changing 
its ohmic resistance to the passage of electrical currents 
with relation to the presence or absence of light waves. 
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Such a cell when kept in total darkness protected from light 
of all kinds may have a resistance of several hundred ohms, 
yet upon permitting light, natural or artificial, to strike upon 
the cell, its ohmic resistance falls almost instantly to a great 
degree and the variation in ohmic resistance thus produced 
bears a direct relation to the intensity of the light. 


If, therefore. there be placed in series with such a cell 
as described a galvanometer or ammeter of suffic’ent deli- 
cacy, a source of electrical current such as an ordinary so- 
called dry battery, a variable rheostat providing a means of 
introducing more or less ohmic resistance into the circuit, 
and the rheostat, the measuring instrument, and the selen- 
ium cell be balanced a point will be found at which the 
ohmic resistance of the rheost2t. the connecting wires, the 
selenium cell and the measuring instrument will exactly bal- 
ance the electro-motive force of the battery cell and no 
current passing, the measuring instrument (galvanometer 
or milli-ammeter) will stand at zero. 


If now, however, the container having within it the 
screen and the selenium cell be placed in the path of the X- 
ravs proceeding from an excited X-rav tube, the screen will 
become luminous in proportion to its distance from the 
source of the ravs and the quantity of the rays striking it, 
the container will be illuminated, the selenium cell under 
the influence of this light will change its ohmic resistance 
in proportion to the light, a current will flow proportionate 
to the change in ohmic resistance of the selenium cell, and 
the current flow will be measured and indicated on the dial 
of the galvanometer or other instrument employed for the 
purpose of making this electrical measurement, and the read- 


ing of this instrument will increase or diminish directly as 


the variation in intensity of the fluorescence upon the screen, 
which fluorescence is dependent upon the activity of the X- 
ray tube in emitting those rays which have the power of in- 
ducing such fluorescence upon the screen so constructed. 
It is evident, therefore. that such an instrument will give 
a direct reading without calculation and a continuous read- 
ing of the rays emitted. 


It is necessary, however, that the current employed 
should be the same for each reading, and I have provided, 
therefore, a means whereby the voltage of the battery cell 
may be taken at any time in order to guard against error 
from this source. 

I spent the greater part of three years in endeavoring 
to devise a meter which any one could read, which required 
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no calculation, not as much as it does to tell time by a clock. 
One, moreover, which would enable operators in different 
localities, using utterly different apparatus, to estimate the 
actual output of every outfit in X-ray, and thus to be able 
to compare results and methods. Such a meter I believe 
I have at last devised. It is far from perfect and, like every- 
thing else, is open to improvement, but it is the first thing 
that I have ever been aware of that actually indicated the 
output of a Crookes tube in X-rays. I believe the funda- 
mental ideas underlying it are not only new and novel, but 
accurate, and I hope to be able to place in the hands of the 
scientific X-ray worker, within a short time, a carefully 
standardized meter, which will be recognized as standard 
and which will give at all times a true and accurate reading 
of the value of a tube as a transformer with relation to the 
quantity of electrical energy transformed into X-ray. This 
meter has nothing to do with the current flowing in the 
tube circuit. It concerns itself not at all with the make of 
tube coil or interrupter. It is not affected in its readings 
by anything or influence, except the quality and quantity of 
X-ray which strikes upon the fluorescent screen. It will 
necessarily be expensive, since the selenium cells themselves 
cost $30 each. But the apparatus must be manufactured 
with accuracy, as the first requirement, and cost of pro- 
duction should not be allowed to interfere with proper 
construction. 
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A RESUME OF THE RADIOMETRIC DOSAGE OF 
THE ROENTGEN THERAPY . 


By MrHrRAN K. KAssaABin, M, D. 


Director of the Roentgen Ray Laboratory of Philadelphia 
Hospital. 

In presenting this paper for your thoughtful considera- 
tion. I beg to state at the outset that I can offer you noth- 
ing new on the subject, but I ask your attention to a resume 
of the various methods in vogue in this country and abroad. 

The therapeutic value of the X-rays is so well estab- 
lished that we should no longer employ empiricism in deal- 
ing with disease; for having reached that stage in our 
knowledge where we have a uniform or standard unit upon 
which to base our judgment, the dosimetric method of the 
X-rays becomes a scientific entity. 

I sent out a tabulated circular showing the various 
methods and requested members to fill the blanks so that 
I would be able to report in this paper the particular 
method by each leading skiagrapher, but so far I have re- 
ceived very few answers. 

I will briefly classify and describe each of these meth- 
ods, attempting to emphasize the possible advantages or 
disadvantages of each. 

I. The measurement of the electric current. 

If. The penetration method. 

III. The physico-chemical method. 

IV. The ionization method. 

V. The photometric method. 

I. The Measurement of the Electric Currents. 

(1.) The Current Going to the Primary Coil. The 
voltage and amperage of a current that goes to a 
coil depends upon the varieties of the interrupters and 
the construction of the primary coil. The secondary or in- 
duced current depends upon the variety of the current or 
winding of the coil, because the same coil and interrupter 
may give different qualities of X-rays depending on the 
make and vacuum of the tube. Salomonson’s experiments 
show that electric energy is absorbed in the rheostat and 
interrupters. Wehnelt considers that 30 to 80 per cent. of 
the energy derived from a battery is absorbed by the elec- 
trolytic break. Salomonson’s wattmeter showed that 61.2 
and 65.4 per cent. of current was lost. The Wehnelt in- 
terrupter in ordinary use absorbs from 53 to 60 per cent. of 
the whole energy supplied by the battery, therefore the rela- 
tions of the amount of the current supply to the primary 
coil does not produce uniform induced secondary current. 

(2.) Milliamperage of the Secondary Induced Current. 
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The milliamperemeter was first advocated by D’Arsonval, 
who used it with a Villard tube, and proved that the pro- 
duction of X-rays is proportionate to the intensity of the 
current, and has shown photographs in support of this as- 
sertion. The milliamperemeter measures the current pass- 
ing through a tube, but it does not tell us how much is ex- 
pended in the production of the X-rays. 

Wertheim Salomonson says that X-ray production is a 
function of watts expended in the tube rather than, of the 
current traversing it. If his theory is correct, and I believe 
that it is, then we shovld know the amount of energy or 
watts expended in heating the anode. 

The milliamperemeter measures the resistance of the 
tube. There are degrees of vacuum where no X-rays are 
produced, yet the milliamperemeter indicates a passing cur- 
rent. The resistance of a tube often depends upon the shape 
and angle of the anode (platinum), upon the surface of the 
cathode and the focal distance of the cathode. A valve iube 
makes the current undirectional as is shown by the oscilo- 
graph, the latter also indicates that there is no constant 
movement in the needle, whilst the milliamperemeter shows 
the slight changes in the vacuum by the deflection of the 
needle. It should never be forgotten that the reading of 
the milliamperemeter is not necessarily an absolute mdex 
of the amount of X-ray production in the tube. Thus we 
read the milliamperage and we know that the current is 
passing from the secondary into the tube, but how much 
current going through the tube is expended in the produc- 
tion of the X-rays? Somuch depends on the make, shape, 
size, etc., of the tube and on the relation between the 
cathode and anode that the answer is difficult, if not im- 
possible. 

(3.) Spintermeter. The length of the spark gap 
(parallel) on the secondary coil or induced current was the 
earliest method employed. The length indicates the internal 
resistance of a tube to the passage of the current; the 
longer the spark-gap the higher will be the vacuum. But it 
is a fact that the variation in the supply of current in the 
primary coil or interrupter will change the length of the 
spark-gap, with the same tube in circuit. The pointed rods 
of the electrodes, the composition of the rods. the atmos- 
pheric conditions, such as moisture, etc., the construction 
of the coil, interrupter, etc., the source of current and also 
the amount of the current will alter the length of the spark 
gap. Two different tubes with the same current and some 
spark-gap may give different degrees of radiation because 
the size of the electrodes may be different and different 
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metal be used, etc. Béclére, of Paris, employs a graduated 
rod capable of sliding to and fro. On this scaled bar he 
observes the number of inches or cms. - This is a convenient 
form of measurement and every coil is thus supplied and 
in most universal use. This method is often misleading, as 
I have seen tubes with three or four inches (7.5 or 10 cm.) 
of spark gap where the rays were far less penetrating and 
in some instances cathodic rays were produced. 

The data given by the Sp‘ntermeter holds good only 
for the special apparatus that the operator employs and 


» not necessarily for other forms of apparatus. 


II. The Penetration Method. 

By this means we measure the rays directly outside of 
the tube, and their penetrative property or quality. 

(4.) The Radiochromometer of Benoist. M. L. 
Benoist (Journal de Physique, Nov., 1g01), devised this ia- 
strument, which is based on the principle that different 
metals possess different degrees of transparency as regards 
their penetration by the X-rays. A silver disk in the center 
of this device is used as standard, having a thickness of 
0.11 millimeter. Around this disk are placed layers of alum- 
inum, beginning with one layer and up to 12 layers, just 
like a clock dial. These 12 sectors are designated by lead 
numbers, arranged like the dial on a clock so that one can 
recognize them by their position without seeing the lead 
number. This apparatus can either be used with the fluor- 
oscope or on a photographic plate. One of the sectors will 
match the tint of the central disk. A lead diaphragm is 
provided for bringing one sector into view and the dia- 
phragm is rotated until the tint of the sector will corre- 
spond to the tint of the center. M. Benoist improved upon 
this apparatus (Archives d’électricite Medicale, April, 
1906). His device resemples a telescopic arrangement so 
as to enlarge the numbers and the tints on the screen; it is 
also furnished with a glass to protect the operator while 
testing the rays. By rotating the lead diaphragm one can 
examine each sector successively. Dr. Geo. Piahler places 
a mirror at an angle of. go degrees, exactly as has been 
noticed in the fluoroscope, in order to prevent the rays be- 
ing projected directly upon the face or hand and thus min- 
imizing the danger of burns. This apparatus gives only 
penetrative power, but we know that there is a great dif- 
ference between the penetration and fluorescence and also 
between photographic (chemical) and physiologic (thera- 
peutic) effects. 

(5.) Skiameters and Penetrameters. Many different 
metals have been used to determine the penetration power 
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of the rays, but as with Benoist’s device this apparatus 
*does not indicate the intensity of the rays. Two different 
tubes which have the same penetrative power, may differ 
in their chemical and physiological effects. 


(6.) Crypto-radiometer of Wehnelt. This apparatus 
is practically similar to the above mentioned skiameters. 
It consists of a fluoroscope with a sliding or telescopic ar- 
rangement and previded with a sheet of lead to protect the 
hand of the operator and a single “V” shaped piece of metal 
which gradually increases in thickness. 

III. The Physico-Chemical Method. 

I believe that physico-chemical measurement because 
of its accuracy and precision more nearly approaches the 
ideal than the other methods in vogue. This method has 
been ably illustrated by Holzknecht. He based his theories 
and constructed his apparatus upon the principle that cer- 
tain salts suffer a change of color when exposed to the 
cathode ravs as reported by Goldstein to the Academy of 
Science of Berlin. Other substances when heated and irradi- 
ated undergo a change of color, as chloride of lithium 
which becomes greenish vellow, and carbonate of potassium, 
which changes to a heliotrope. On exposure to the air or 
at high temperature the colors of these salts are seen to dis- 
appear. He also proved that the X-rays and Becquerel rays 
possess this propertv, and that they are all transformed into 
ultra-violet rays at the point of impact with the surface. 

(7.) Chromoradiometcr of Holzknecht. Guido Holz- 
knecht, of Vienna. presented this device for the considera- 
tion of the profession in 1902 and reported it at the Sec- 
ond International Congress of Electrology and Radiology. 
Holzknecht’s studies on this subject led him to fuse certain 
salts and to exvose them to the action of the rays. His 
invention, which is colorless, consists of a small capsule 
containing the reagent covered with celluloid. This re- 
agent, whose composition has heretofore been kept secret, 
has been analvzed by a French chemist, Mr. Lind (Arch- 
ives of the Roentgen Ray, June, 1906, p. 6), and M. 
Bordier describes it as follows: Ninety-nine and seventy- 
seven one hundredths per cent. consists of potassium sul- 
phate, the remainder being potassium sulphite or hyposul- 
phite, or possibly potassium tri-tetra or penta-thionate. The 
mixed mass is impregnated and held together with copal 
varnish. This capsule, which is placed over the skin to be 
treated, has a dirty yellow color due to the copal varnish, 
and under the influence of the X-rays the color changes to 
a greenish tint, gradually becoming deeper as the quan- 
tity of the rays is increased. After or often during the 
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irradiation this capsule is brought near to a standardized 
scale which is graduated in Holzknecht units, from 1 H © 
to 24 H. The color scale is graduated from a greenish yel- 
low to a deep green, which serves as a standard of com- 
parison, by which to judge the color of the capsule after 
irradiation. ‘The unit is indicated by H. The scale ex- 
tends from 3 H. to 24 H. The treatment is interrupted in 
order to. compare the color of a reagent with that of the 
scale, and:.this is repeated until a tint is obtained which 
corresponds to the precise dose required. As more than 
one sitting may often be necessary in the interval between 
the two exposures this reagent must be kept in darkness. 
This graduated scale holding the numbered capsule is kept 
in a light-proof box. Although this method would seem 
very correct in theory, yet in practice we meet with many 
difficulties. The standard scale suffers changes in color or 
it may fade in the course of a year. Subsequent to the ex- 
posure the capsule gets darker and must be compared im- 
mediately. The comparison of the capsule with the scale 
is very difficult. Different individuals and ‘different parts 
of the body exhibit ‘different degrees of susceptibility, and 
the various diseases display individual peculiarities to the 
action of the rays. 

(8.) The Radiometer of Sabouraud and Noire.—lIn 
1904 Drs. Sabouraud and Noire introduced a method 
largely employed in France. It consists of a small disk.of 
paper over which is spread a layer of platino-barium cyan- 
ide; this salt turns brown under the action of the X-rays. 
M. Villard pointed out that under the influence of increas- 
ing doses of the rays, platino-cyanide passed from a bright 
green to brown, and at the same time the fluorescence 
gradually decreased. Upon a two-page leaflet the stand- 
ard color pastille marked “A” (which ‘is an unchanged 
green color) and another one marked “B” (which is brown 
and indicates the maximum of the dose which the skin can 
tolerate without producing dermatitis and will cause only 
epilation). The comparison should be done in a dimly 
lighted room, because if the pastilles are exposed too long 
to the light they regain their original green color. The 
pastille should be placed in a pastille carrier (8 cm. from 
the anode) and midway between the part under treatment 
and the anode. The standard color pastille “B” corre- 
sponds to a dose of 10 X or 5 H in Holzknecht units. 
Sabouraud himself admitted that the test is less sensitive 
than by the Holzknecht method, and that the color may 
change by the action of heat, light, moisture, etc. The pas- 
tilles are placed midway between the patient and the anode, 
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which is equivelent to 8 cm. distance from the anode. The 
location where the pastille is placed under the active 
hemisphere may not be equally irradiated, because the rays 
are unequally distributed over the active hemisphere. 

(9.) The Chromoradiometcr of Bordier. Bordier 
(Archives of the Roentgen Ray, June, 1906, p. 9) describes 
a new method, based on the principle that when platino- 
cyanide of barium is exposed to the rays it undergoes .a 
change of color due to the dehydrating action of: the X- 
rays, also that the same discoloration occurs when this 
chemical is placed in an atmosphere artificially dried by 
sulphuric acid or when exposed to a gradually increasing 
temperature. Under the action of light, rehydration may 
also occur. He describes his apparatus and reagent as 
follows: “The Bordier chromoradiometer differs from its 
predecessors. The barium-platino-cyanide, suspended in a 
thin layer of collodion, is placed on the skin itself, or at 
all events in the same plane as the part to be irradiated. 
The pastilles are square, with a diameter of 6.5 milli- 
meters. ° The back of the square is adhesive to facilitate its 
attachment to the skin. A scale of colors is supplied, 
with tints Nos. I, 2, 3, 4, corresponding to the principal 
reactions required in radiotherapy. Tint No. 1, a pale 
yellowish-green, is the shade that the pasti'le takes when 
exposed to the maximum dose of rays compatible with the 
complete integrity of the normal skin. With this dose of 
X-rays the hair falls out some twenty days after exposure, 
and grows again entirely in another twenty days. This 
is the weak normal exposure of Kienbock corresponding to 
a skin reaction of the first degree, accompanied by tempo- 
rary loss of hair. 

“Tint No. 2, of a sulphur-yellow shade, is that the 
pastille assumes when the skin has been exposed to an 
irradiation calculated to produce a strong reaction, viz.: 
erythema, tumefaction, and, at the end of the reaction, 
marked desquamation. This No. 2 tint corresponds to a 
mild form of Kienbock’s reaction of the second degree. 

“Tint No. 3 is almost of the color of gamboge. It 
corresponds to a reaction of the skin of the second degree. 
It is a true dermatitis. Latent period is eight to ten days. 
This is Kienbock’s strong normal reaction. 

“Tint No. 4 is of a chestnut color and corresponds to 
a reaction of the third degree which is accompanied by 
necrosis and ulceration of the skin. This is the strongest 
dose ever required and should never be applied to the 
normal skin. He obtained tint No. 4 after irradiation of 
a specimen of radium of a radio-activity of 100,000 for a 
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week at a distance of a millimeter from two pastilles.” The 
soft tubes are not desirable for these reagents, as they 
emanate ultra violet rays, which will be confused with 
those of the X-rays. He reports cases that were cured at 
a single seance. He believes in one massive dose rather 
than in fractional doses, so common in this country. This 
method is also subject to the same objections that I have 


-mentioned before. 


(10). Qtantimeter of Kienbock. Dr. R. Kienbock in 
1905 introduced this new method of direct dosimetry at the 
Roentgen Congress in Berlin, and asserted that in 1900 he 
demonstrated that the changes noted on a photographic 
plate are an accurate measure of the therapeutic dose. 
Admitting (Archives of the Roentgen Ray, June, 1906, p. 
17), however, that Stern (Journal of Cutaneous Diseases, 
December, 1903) published a paper on the photo-radiomet- 
ry, and suggested the use of photographic films, to be com- 
pared with a “normal scale;’ but at that time Kienbock 
was unaware of the fact. 

He describes his instrument as follows (Archives of 
the Roentgen Ray, June, 1906. p. 17): “My quantimeter 
consists essentially of two parts, a strip of photographic 
paper, which is easily applied-to the irradiated skin, and a 
normal scale of graduated tints, with which it is to be 
compared. The paper is covered with a sensitized film of 
chloro-bromide of silver in gelatine. After exposure, the 
strip may be developed in a dark room or by means of a 
small light-proof box. The development can be carried on 
in daylight in the consulting room. The film is then com- 
pared with the standard scale, either at once or after dry- 
ing. The developing solution is of constant composition, 
and should be used at a temperature of 18 degrees C. or 64 
degrees F. for a period of exactly one minute. After fix- 
ation, the strip of paper may be immediately compared with 
the scale. The unit of Roentgen light which we call X is 
equivalent to one-half of a Holzknecht unit, and to one- 
tenth of the Sabouraud-Noire maximum dose. The 
formula is as follows. 1 S-N maximal dose equals 5 H or 
10 X. 

“This reagent enables us to measure the penetration 
‘or the degree of hardness of the Roentgen light. -In com- 
parison with other dosimetric methods, the quantimetric 
method has the advantage of greater exactness and the 
possibility of estimating small differences of dosage. This 
method is a permanent registered record. The disadvan- 
tage of this method is the difficulty which is encountered 
in comparing and distinguishing the slight differences of 
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tint on the scale. Careful development is necessary and 
always tedious. When massive doses are given, the color 
will be darker and will be more difficult for making com- 
parison with the scale. The degree of the sensitiveness of 
the emulsion of the paper may frequently differ.” 

(11.) The New Radiometer of Freund. This ap- 
paratus was used in 1904, and is based on the color 
changes occurring in a 2 per cent. solution of pure iodo- 
form in chloroform. This solution normally retains its 
color unchanged for 48 hours and is so very sensitive that 
a difference of tint may be observed between two portions 
of the solution. one of which is exposed to the rays for 
three minutes, while the other portion is screened from the 
action. Slight heat and light will alter the color of the 
solution, and although this method is most accurate and 
sensitive, ithe solution is too unstable for practical and 
clinical purposes. 

The iodoform (C H I3) is decomposed by the X-rays 
with the liberation of free iodine, imparting a claret color 
to the solution. Freund’s solution shows a change of tint 
in six minutes equal to that attained in ten minutes by the 
use of Holzknecht’s pastilles. 

(12) Precipitation Test. Schwartz of Vienna 
(Wiener Klin. ;Wochft., May 31, 1906) demonstrated a 
method of measuring the strength of the Roentgen rays 
which is based on the precipitation of calomel, in a mix- 
ture of ammonium oxalate and corrosive sublimate. This 
mixture is a clear fluid which, sheltered from the light, 
keeps indefinitely. Exposure to daylight or to the Roent- 
gen rays causes .precipitation of calomel. The amount 
precipitated is determined by centrifuging in a graduated 
capillary tube. Three millimeters of fhe precipitate in the 
capillary tube corresponds to about the strength of .a 
Holzknecht unit. This technic, with the usual methods 
of testing the strength of the latter, has the disadvantage 
of being a subjective test of color. 


IV. The Ionization Method. 


Prof. Roentgen in his second announcement stated 
that he had alretdy made this discovery, and probably 
prior to this J. .J. Thomson found that the X-rays would 
discharge both negatively and positively electrifiei bodies, 
by experiments on Hankel’s electroscope or electrometer. 
Thomson stated that the discharge varied somewhat with 
the intensity of the rays by the relative luminosity of the 
fluorescent screen and by the relative darkness produced 
upon the photographic plate in several instances. This 
method is based on the principle that X-rays have the 
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power to ionize the gases through which they travel. 

(13.) The Ionization of Confined Gases. Milton 
Franklin (New York Medical Journal, April 22, 1905) 
states that “so far as I have been able to ascertain, this 
method has not been systematically used to measure the 
intensity of the X-rays. This method has been commonly 
employed to measure the radio-activity of the ,radio-active 
substances. Air is rendered a conductor of electricity by 
the ionizing agent, and the measurement of the amount 
of current flowing through it under given conditions gives 
an absolute index of the activity of the radiation. It is 
necessary only to charge the electroscope by applying a 
rod of vulcanite, sealing wax, resin or other suitable ma- 
terial, which has been previously electrified by friction, and 
then to time the transit of the filament under the influence 
of X-rays. The rate of discharge will vary directly as to 
the activity of the radiation.” The apparatus of the in- 
strument is as follows: — 


“The electroscope is charged by having brought into 
contact with the knob a rod of vulcanite which has been 
electrified by friction. The knob is brought into com- 
munication with the filament, while the vulcanite is in 
contact, and released as soon as the filament has assumed 
a horizontal position. The electroscope is brought to the 
same distance from the tube as the plate or patient (in 
any position) .and while the tube is running, the shutter 
is opened and the time in seconds, occupied by the filament 
in transit, is noted. The number of seconds is the exact 
co-efficient of energy of the rays, and when compared with 
any other reading made under any circumstances what- 
ever, with a similar instrument, the ratio of energy of the 
two radiations will equal that of the two times. 


“In this method with an electroscope, on the other 
hand, of the gold leaf pattern. the relative activities of 
two radiations may be compared with great accuracy and 
expedition, and if one of them is the standard unit of ac- 
tivity or bears a known ratio to the standard, the value of 
the other, in terms of the standard, will be readily deduc- 
ible. Atmospheric variations must be taken into consid- 
eration. The number of seconds which it requires for the 
filament to traverse the field is the co-efficient of the 
strength of the rays. All calculations and variations due 
to atmospheric absorption must be eliminated at once.” 

- (14.) The Radio-Active Standard of Phillips. Phil- 
lips (Archives of the Roentgen Ray, June, 1906, p. 27) 
utilizes the principle of Franklin’s method of ionization 
and suggests radium as the standard unit. He describes 
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the modus operandi as follows: The method consists in 
attaching two similar discharge vessels, one to each of 
the plates of the electroscope, a thin strip of silvered mica, 
and forms a right angle to the horizontal .rods, the former 
is electrified inductively. The horizontal rods are con- 
nected with the standard radium; when the rods are 
equally charged the needle is steady, but gives no deflec- 
tion. 

Phillips further says: “We may also conveniently 
compare the activities of various substances by noting the 
time taken for a gold leaf electroscope to discharge be- 
tween certain potentials. To do this with anything ap- 
proaching accuracy, however, the motion of the leaf must 
be observed with a reading telescope.” He calls the ab- 
solute unit, Becquerel or one Curie, while the commercial 
unit might be appropriately known as one “ray.” 


V. The Photometric Methods. 

This method consists in comparing the fluorescence 
of platino-barium-cyanide screens with an artificial light. 
either with a fluorescence produced by radium or a radio- 
active salt. 

(15.) The Radiometer of Courtade. This 
ment consists of a lead shield containing 
openings, covered by .a fluorescent screen. The radium, 
which serves as a standard of fluorescence. is placed be- 
hind one .aperture. The degree of fluorescence on the 
second screen produced by the X-rays is. equalized with 
that of the standard by altering the distance of the Crookes 
tube. This distance will be a measure of the amount and 
the quality of the radiation. This method is not thor- 
oughly or absolutely correct, because the intensity of the 
fluorescence of all the platino-barium,cyanides is subject 
to great variations when exposed for a long time to the 
action of radium or the X-rays. 

(16.) The Guilleminot-Courtade Method. Founded 
on the ‘same principle as the radiometer of Courtade, 
Guilleminot employs a sample of radium as his standard 
of comparison whose activity is 50,000. He considers “the 
unit of quantity of the X-rays is that quantity falling on 
one square centimeter of the surface in one minute of 
time.” This unit he calls the unit “M.” For example, if 
the Crookes tube has to be placed at a distance of three 
meters, in order to produce an -equal illumination of the 
screen, then the intensity of irradiation of the field at three 
meters from the tube is said to be unity. From this it is 
easy to calculate the number of units “M” absorbed per 
minute at a distance of 10, 15 or 20 centimeters. Thus 
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in the above example the number of units absorbed per 
minute at 10 centimeter distance is goo, “M” = 3 meters, 
i. €., 300 cms. then 300 cm. + 10 cm. = 30 cm., there- 
fore 30 cm. X 30 cm. = 900 cm., while it is 400 at 15 cms., 
etc., 11 (Archives of the Roentgen Ray, June, 1906). 
This is open to the many objections mentioned before, the 
platino-barium-cyanide changing its color of fluorescence, 
etc. This does not give us the amount of absorption in 
the tissue, but we infer that from calculations deduced.” 


(17.) The Fluorometer of F. Williams. his instru- 
ment (The Roentgen Rays in Medicine and Surgery, 
1903, p. 640) depends upon the distance that a tungstate 
of calcium screen must be held from a given vacuum tube, 
in order that the illumination from it may equal that from 
a radio-active substance which has been measured by a 
standard source of light. “I found,” says Williams, 
“that when a tungstate of calcium screen with the radium 
lying upon it was placed over a vacuum tube in a dark 
room and the X-rays allowed to strike it. the radium was 
less bright than the luminous screen; but that as the screen 
was moved further away from the vacuum tube the bright- 
ness of the screen diminished until a point was reached 
at which the screen was less bright than the radium, and 
that then by gradually approaching the screen ‘nearer the 
vacuum tube, a point was found at which the radium and 
the screen were about equally bright. 


“IT experimented ‘with several tubes in this way and 
found that the distance at which the screen and the radium 
were about equally bright was different with both tubes, 
the limit of variation being between 10 and 41 centi- 
meters; and the distance was constant for the same tube 
under the same conditions.. As by means of a photometer 
the amount of light given off by the radium can be meas- 
ured in terms of a known standard, so the amount of 
fluorescence produced on a tungstate of calcium screen by 
a given tube the brightness of which a given screen is 
capable, may both eventually be referred to the same 
standard. The fluorometer may serve as a basis, with a 
given apparatus, for determining the length of exposure 
when X-rays are used as a therapeutic agent, and like- 
wise when they are employed for taking radiographs. 
This instrument has the objection that the durability of 
tungstate of calcium varies with different tubes and also 
the vacuum of the tube changes during exposure and re- 
quires constant attention.” 


(18) The Method of Contermoulin. With this 
method, instead of employing radium, the standard fluor- 
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escent screen is illuminated by an acetylene light. This 
is open to the same objection as stated above. 

(19.) Selenium Photometer of Ruhmer Levy. 
Ruhmer Levy presented at the Berlin Congress in 1g05 a 
new instrument for measuring the X-rays. -A_ selenium 
cell is clamped in position at a fixed distance from the 
anode, a current from a couple of dry cells is passel 
through the selenium and its intensity is read off, on 
milliamaperemeter. The X-rays alter the resistance of 
the selenium, and the variation of the current is therefore 
a measure of the quantity of the rays. 

(20.) Fluorescence of the Tube and the Appearance 
of the Electrodes. This method does not afford a reliable 
means of determiaing the penetrability of the rays, as the 
fluorescence depends upon the kind of glass composing 
the tube. In a dark room this fluorescence will be more 
discernible. Benind the anode there may often be noticed 
annular patches of fluorescence, indicative of a high 
vacuum. in studying the appearance of the electrodes, a 
phenomenon sometimes noticed is the emission of a fine 
smoky stream around the edge of the cathode, ind-cating 
a hign degree of vacuum. A low vacuum in the tube can 
be recognized by a conical stream ot cathode rays of a 
blue color. The appearance of a cherry red heat at the 
anode indicates that the tube is working properly, and 
that rays of a high degree of penetrability are being pro- 
duced. However, this will vary according to the thick- 
ness of the platinum anode and tie strength of the cur- 
rent. It should not be forgotten that the same tube will 
fluoresce differently with the different amount of current, 
which will produce more or less penetrating rays. 

(21.) Thermometer of Kohler. ‘Kohier piaces a 
thermometer into a depression in the Crookes tube, where- 
by he gauges the variations of temperature as indicative 
cf the quality and quantity of the rays. 

At present we have no reliable, accurate or practical 
standard or unit of dosage; every one of these methods 
is Open to objections and to certain errors. The possi- 
bility of having a standard unit becomes a difficult prob- 
lem, because of the idiosyncrasy of the patient, and be- 
cause no one can make any positive statement as to how 
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many treatments any one case demands, the personal equa- 
tion enters so largely into the consideration. We cannot 
deduce the amount of physiological and biological action 
of the rays on the tissues by measurement of the chemical 
and physical properties of the rays. The question arises: 
“What standard unit shall we adopt, so that the unit is 
accurate, practical and precise?” It is my sincere wish, 
and I believe it is the desire of all the members, that a 
committee should be anpo'nted to formulate and ratify the 
selection of a national standard unit. 

May I ask for the hearty co-operation of every one 
interested in this, the most fascinating branch of medical 
science. 


Diseussion on papers by Drs. Piffard, Kassabian, Johnston and 
Phillips. 

Dr. GEoRGE E. PFAHLER, Philadelphia: It seems to me that 
there cannot be much point to this discussion because we know 
nothing about the subject of measuring the X-rays. In Benoist’s 
scale we have a means of measuring the quality of the ray and with 
the ammeter we can measure the quantity of electricity that goes 
through the tube, but that does not measure the rays. What we 
want is some instrument that will measure the unit of quantity of 
the ray. Perhaps Dr, Johnston’s instrument will solve the problem. 

There are four definite factors that we can consider, and evcu 
though they do not give us a unit of measurement, yet they enable 
us, at least, to duplicate our results. These factors are a certain 
quantity cf electricity, as measured by the milliammeter; 2 certain 
quality of the ray, as measured by Benoist’s scale; a certain time 
of exposure, as measured by the clock, and a certain distance of 
tors constant, as I do in my work, we can produce fairly constant 
results; that is, we can duplicate them. By varying any one of 
these factors, you vary the results of your work. These factors 
should be mentioned when we report cases so as to make the results 
more correct. 

Dr. KENNON DUNHAM, Cincinnati, Ohio: As Dr. Piffard’s paper 
dealt with nothing except ionization and that is not new, we can 
dismiss that paper from the discussion. As to Dr. Kassabian’s 
paper, nothing new was meant to be brought forward. The doctor 
presented that paper at the request of the executive committee for 
the sole purpose of putting the society in the position to discuss the 
subject intelligently. We owe Dr. Kassabian a vote of thanks for 
giving us this excellent resume of various methods thus far employed. 

As to Dr, Phillips’ paper, we all know that we need a stand- 
ard unit of measurement. Whether ionization is the best method 
of solving this problem or not is another question which is open to 
a great deal of discussion. I doubt very much whether we wish 
to measure one substance by the standard of something else. TIoni- 
zation can be produced without an X-ray tube or without a tube of 
radium. While a unit in anything is very valuable and desirable, 
we certainly ought to arrive at something more definite than simply 
ionization. I believe that Dr. Johnston has the keynote to that. 

These papers bring up two suggestions. I think that the work 
done originally by Dr. Roentgen ought to be republished for the 
benefit of all the members ‘of this society in our next volume of 
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transactions. I really believe that if more of us were to read 
Roentgen’s original articles carefully, it would keep us from making 
a great many mistakes or a rehash of work already done well. I 
also believe that this society should not only request its members 
individually to write to this committee in London, but that the 
society should have a committee of its own to work in conjunction 
with it. 

As to Dr. Johnston’s paper, I wish to discuss this selenium cell 
because I have been workirg on this same thing for quite a while 
independently of Dr. Johnston. A little more than a year ago men- 
tion was made at a Berlin congress of the selenium cell, I hap- 
pened to have one of the cells and I determined to experiment with 
it. I turned the X-ray on it direct, putting all sorts of different 
amounts of voltage through the coil. I put a fluoroscope up in 
front of it, but nothing seemed to work out right. I put the selenium 
cell away. 

I heard no more about the matter until Dr. Johnston sent in 
a little abstract of his paper in which he stated that he had a 
direct reading X-ray meter, a fluorescent box, a selenium cell that 
will give a reading on the amperemeter. So I went to work again. 
The cell I have is smaller than Dr. Johnston’s. I put it inside 
of a wooden pill box and poured my tungsgate of ealcium salt 
around the cell, and then put it up in front of the tube and to 
my jey it did just what Dr. Johnston said it would. But my ex- 
periments differ from Dr. Johnston’s in that I got no reading on 
the milliamptmeter. I did, however, get a good reading on _ the 
millivoltmeter. Doubtless Dr. Johnston has a better cell than I 
have. I have a letter from Mr, Peavy, the superintendent of the 
Bell Telephone Company in Cincinnati, who made all my readings 
and loaned me his standard meters. He vouches for the correct 
readings, that is, as nearly correct as the standard voltmeter can 
be read by the naked or unassisted eye. The angles were taken 
carefully and every protection was thrown around the experiments 
which the crude apparatus would permit. The Weston milliampt- 


meter showed such small reading, if any, that it could not be re- 
corded. 


The fact that I wish to bring out is that this instrument does 
measure. This is the way of reading. The selenium cell is brought 
very close to the tube, and as many rays are cut out from the sur- 
face of the tube as possible. This is accomplished by surrounding 
the cell with an opaque shield with a window in it. When the light 
from different portions of the tube falls on the selenium cell 
different registrations are given by the millivoltmeter. Divide your 
tube into two hemispheres along the line of your anode, and measure 
the rays sent of at different angles from the cathode stream in this 
plane. Perpendicular to the cathode stream two and a half milli- 
volts were registered at forty-five degrees it measured from two and 
a half to three millivolts; on either side of the stream at as acute 
an angle as you could measure it read one and a half millivolts; 
while from the hemisphere behind the line perpendicular to the 
line of greatest register, minus readings were obtained. In other 
words instead of reading any amount of X-rays we read a minus 
quantity. The reason for that, I thought, was the fact that the 
static charge around the outside of the tube seemed to increase the 
ohms of resistance inside the selenium cell, or, in other words, it 
made it harder for the current to go through. Whether the line 
that is perpendicular to the anticathode is the exact line or not 
is open to question, as it was not precisely the same with all tubes. 
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I wish to eall your attention to a little device of mine. I 
take a bottle containing a two per cent. iodoform and chloroform 
solution and place that in a paper covered with light-tight paper. 
That I lay on the patient to be treated. Then I take a box with 
a selenium cell in one end. and focus a strong light exactly on the 
eell and read its registration on the millivoltmeter. After you have 
exposed the iodoform and chloroform solution or some form of silver 
salt, or anything that the X-ray will darken during your treatment, 
you interpose it between the light and the cell and again read the 
registration. Of course the difference in these millivolts is the 
amount of work done by the X-ray in darkening the solution, and 
as the amount of silver or iodine which is precipitated can be abso- 
lutely determined by chemistry, so much for a. given time, this 
gives us a standard that will assist in making a meter that will 
read as easily as any volt or ampmeter. 

It is needless for either Dr. Johnston or myself to say to 
you that this is crude. Necessarily it is crude, but if we can yet 
these readings in this way, we can certainly with a mure perfected 
instrument settle the dispute about the amount of X ray used. 

In electricity we have the voltmeter to measure the :iifference 
of potential; we have the ampmeter to measure intensity; also the 
wati-meter to measure quantity in a given time. So with the X-rays 
—Benoist’s radiochrometer might compare to the voltmeter; Dr. 
Johnston’s meter to the ampmeter; while the instrument which I 
recommend takes the place of the wattmeter. 

Mr. H. CLyDE SNooK, Philadelphia: The question of a stand- 
ard unit is a burning one with us, as it is in London, The work 
they are doing in England should meet with our hearty approval 
and approbation, and we should assist their committee as much as 
we can. The question of a standard of radioactivity is one which 
at the present time concerns two classes of investigators. One is 
tke student of radioactivity, the man who is investigating substances 
that give off atomic particles, substances that possess the property 
of radioactivity, substances which emit radiations without being 
affected by any conditions which man is able to control. The sec- 
ond class of men interested in this problem are the X-ray workers. 
The question of a common standard for both these classes of men 
is now before us awaiting an answer. The reasons why a great 
deal of work must yet be done before a common standard can be 
found are many. 

Ionization is the rame for an idea which I understand is the 
production of conductivity in a gas, by a substance, and by the 
reaction taking place in some form of a vacuum tube. Ionization 
being merely the property of a gas complicates matters exceedingly. 
Radium gives off many kinds of rays, among them the X-rays. 
X-rays, up to the present time, have not been studied with respect 
to the degree of ionization which different degrees of penetration 
produce on a gas, or on various gases, or on air, which is commonly 
used. A soft tube with the same consumption of energy ionizes 
air to a much greater degree than a hard tube, and if we adop* 
standards of ionization to measure energy emitted from an X-ray 


tube, we must take into account the degree of penetrativeness of 
the radiation emitted from that tube. 


We do not have correct information on this point and a curve 
must be plotted from the results of the investigations of many 
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workers. The X-rays are absorbed by all the substances we are 
using, and a great deal of work must yet be done before even 
by this method we can arrive at some practical solution of the 
problem. 

I agree with Dr. Pfahler that we should record our work in 
the manner he has indicated. I think that the work begun by 
Benoist is the sort of work which shall be the foundation for the 
solution of the problem. At the present time the radio-active men, 
led by Phillips and others, are casting about for some substance 
constantly radioactive which can be used in the production of a 
practical standard, but they have not yet found such.a substance. 

Dr. Kassabian’s idea of the collaboration of the results of a 
great many workers is the one means at the present time, I think, 
by which we can hope to help ourselves. I cannot agree with the 
suggestions to the advisability of appointing a committee to take 
up this subject at the present time, not until we can have more re- 
sults collaborated. It seems to me that it is a little too early to 
attempt that. 

There is due Dr. Johnston a great deal of eredit for having 
done an ingenious thing. Dr. Dunham also deserves credit for 
having taken up the work at the cue of Dr. Johntson. Dr. Dun- 
ham gives eredit to Dr. Johnston... They have both done very 
clever things. As to the millivoltmeter and the milliamperemeter, 
I should like to say to Dr. Dunham that under the conditions that 
he was using his millivoltmeter he was really using it as a milliam- 
peremeter with a fractional scale. It was a small milliammeter. 

The method of measurement of the absorption of the energy 
which Dr. Dunham describes is very pretty, indeed, and it is so 
absorbing in interest that it is well to recall at this time some of 
the experiments done originally by our English friends. I have for- 
gotten who it was that did the original experiments, but several 
years ago a tentative measurement of the quantity of radiation 
which was given to a patient or to a plate was measured by the 
depth to which the radiation penetrated in a pile of superimposed 
photographie developing out papers, such as Velox, as was shown 
by the subsequent development of the papers. A pile of thirty or 
had been irradiated than by a salt which had not yet been exposed, 
the result being due to a chemical reaction similar to that brought 
about by light. 

Dr. WILLIAM H. DirFENBACH, New York City: I should like 
to take exception to the adverse criticism of Holzknecht’s method. 
He told me last summer that his apparatus is in use in over 300 
laboratories and is giving good results. It is the best apparatus we 
have at present for measuring the absorption of the ray. The 
Benoist scale gives us the penetration, but what we want to know 
as therapists is how much of this force is absorbed into the tissues. 
The chromoradiometer of Holzknecht fills the bill quite well at the 
present time. You are always on the safe side if you will follow 
the doctor’s advice and keep within the limits of his color scale. 

He has lately improved the composition of the pastilles, and 
he is not at all adverse to giving their composition. They are 
composed of potassium sulphate and carbonate fused together and 
covered with a damar lae which permits the free passage of the 
rays. The coloring scale that Dr. Kassabian described is arranged 
from Holzknecht’s experience. If in giving five Holzknecht’s units 
for the treatment of epithelioma or a certain skin disease the oper- 
ator is careful in watching the color scale it is almost impossible to 


i 


30 AMERICAN QUARTERLY 


produée a severe X-ray burn. I mention this in order to place this 
matter before the society in its correct light. 


Dr. Johnston said, in speaking of the Holzknecht method, that 
once used these pastilles must be laid aside because they are of 
no further use. These pastilles can be used again after having been 
submitted to sunlight for various lengths of time. 

Dr. REGINALD Morton, London, England: I am very glad to 
have this opportunity given me to speak on Dr. Phillips’ paper. I 
think that the feeling in London with regard to the Saboraud pas- 
tilles and the various other things mentioned is that up to the pres- 
ent time they are the best means we have at our command for 
measuring the dosage of the X-ray. What we want to know is, 
what is the strength of the radiation being given. It is all very 
well to be told afterward what you have done. Sometimes you will 
find that there are developed things in these cases which we can- 
not explain, but they are definite chemical changes. 


My colleague, Dr. Sequira, has given up the use of the pas- 
tiles and is using an apparatus that he has devised. He works 
with the standard current through the tube and has an interrup- 
ton counter. The one method that we have followed in London 
that is making a step in the right direction was originally sug- 
gested by Dr. Milton Franklyn. I induced a firm in London to 
make this instrument, and I understand that since then Dr. Dean 
Butcher has made some alterations in it. We realize that at pres- 
ent there is nothing that approaches an ideal. We are working 
simply with an ammeter, with a constant distance, as nearly as 
possible. and we keep our tubes at a constant resistance, as nearly 
as possible, working also with a constant spark gap, and for every- 
day work we cannot find anything that is much better; but we must 
have our tubes practically new. With the old tubes that have been 
softened and hardened repeatedly, while you can get them down, 
yet the quality of the rays is not the same. But such a tube does 
not produce a dermatitis nearly so readily as another tube. It is 
a safer tube to use, but when dealing with epitheliomas it is not @ 
satisfactory tube. 


Dr. ENNION G. WILLIAMS, Richmond, Va.: In regard to the 
measurement of the dosage by means of ionization in the static 
field surrounding the tube, I wish to direct attention to one ob- 
jection. Ionization is to some extent dependent upon the static 
field, and the static field is not always in proportion to the light 
from the tube. As often happens there is considerable leakage 
around the tube, particularly if the terminals of the tube are not 
far apart. This will alter the static field and consequently the 
ionization. 

It ought to be one of the efforts of our society to try to solve 
this difficult problem. That is why we come to these meetings, to 
have some of these perplexing problems solved, and I hope that 
the suggestion to appoint a committee for this purpose will be 
adopted. 

Dr. ALFRED L, GRAY, Richmond, Va.: The experiments made 
by Drs. Johnston and Dunham will certainly be of a great deal of 
benefit to us, but it seems to me that they are assuming that the 
same rays which produce fluorescence also produce the physiologic 
effect. In fact, it seems that the trouble with these various devices 
is that we are taking for granted, all the time, that the physical, 
chemical and physiologic effects of the rays are identical. It has 
heen my experience that certain tubes would produce a good nega- 
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tive, and yet they would not produce satisfactory therapeutic re- 
sults. I have some tubes, and I recall one in particular, that I 
rely on both for finer negatives and also for finer therapeutic work. 
I cannot conceive of our arriving at a therapeutic unit correctly by 
a chemical or physical change when we do not know that the 
physiologic effect is a chemical change at all. 

Dr. EUGENE W. CALDWELL, New York: I want to emphasize 
the fact that Dr. Johnston’s device for measuring the ray while 
We are using it and not afterward when we have done the work 


is a very long step in advance. Of course, the scheme has some 
objections. 


The measurement of the X-ray is made by measuring the change 
which the ray produces in the electrical resistance of the ingenious 
combination of selenium cell and tungstate screen. The amount of 
change or resistance will vary also with the fluorescing qualities of 
the tungstate which deteriorate with age. Error from this source 
might be obviated by occasional renewing of the tungstate screen. 
The resistance of the selenium changes also with changes in its 
temperature and the amount of moisture it contains. Errors from 
these causes might be kept within practical limit by using hermet- 
ically sealed cells such as are made by Ruhmer, and by using a 


temperature connection as is done in many other physical measure- 
ments, 


Dr. Dunham has suggested the use of the millivolt meter in- 
stead of the milliamperemeter as deserived by Dr. Johnston. It 
should be remembered that the ultimate purpose of the meter in 
this work is to indicate a change of resistance in the selenium cell. 
With appropriate connections this should be done equally well either 
by measuring with a milliamperemeter, a change in current strength, 
or by measuring with a millivoltmeter, a change in potential dif- 
ference which is in turn measured by the change in current strength 
which it produces in the meter. : 

A more direct measurement could be made with an ohm meter, 
which indicates directly, the resistance in ohms. The reading of 
such an instrument is not affected by changes in the E. M. F. 
of the batteries which must be taken into account when using the 
milliamperemeter or the millivoltmeter. 


Dr. SincLair Tousry, New York City: For several years 
past I have been using a method of measuring X-ray dosage which 
is based on this same property of luminosity in a fluorescent screen. 
I made a brief reference to it last year when this subject was first 
brought up. My method has peen to take an ordinary box fluoro- 
scope with a platino-barium-cyanide screen and t@ get away as far 
as I could from the X-ray tube and still be able to see the fluor- 
escence. To make sure that it was not an optical illusion I carried 
a heavy bell and when I pressed the button the nurse turned the 
current on or off. When at a distance of thirty or forty feet I 
am very sure that I can see the sereen light up, and can also see the 
difference when it is turned off, then I consider that distanee an 
index of the intensity of the radiation. For my own convenience 
I have adopted units based on the number of yards or meters that 
I could go away and still be sure that I could see the screen shine 
up. So that 13 T indicates an intensity which would carry thir- 
teen yards. But I have not depended on that as a sole measure of 
the application I was making. 

I think that the intensity of the illumination, whether meas- 
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ured that way or by Dr. Johnston’s or any other apparatus, is not 
an absolute measure of the total quantity of radiation. I[ think 
that flashes of the X-ray, if they come at the rate of a dozen a 
minute, will produce the same degree of illumination in a sereen 
as do flashes coming at the rate of sixty times a second. So that 
all these factors must be taken into consideration when measuring 
the X-ray dosage. It would not be right to base a system of 
dosage on 13 T at a distance of ten inches for ten minutes with a 
static machine and apply the same to a coil run on a Caldwell in- 
terrupter with only a dozen interruptions a second. So that in 
my own case I note the number of interruptions, the number of 
milliamperes passing through the tube and the degree of penetra- 
tion, the degree of resistance in the tube as indicated by the spark 
gap; a milliameter showing the current passing to the tube and 
spark gap showing resistance overcome by the current. 


I have used this system and have been able to time my ex- 
posures so as to produce the right effect. 1- have been able to 
produce a bronzing and even swelling of the skin without any 
positive tendency to ulceration. The quality of the rays, and 
the intensity and the distance and the time and the frequency of 
exposure are the most valuable elements to consider, as was pointed 
out by Dr. Pfahler. 


Dr. Rome V. WacGygr, Chicago: I think Dr. Johnston has de- 
vised a perfect fluoroimeter. The one question that arises is 
whether the therapeutic action of the current can be governed by 
the action on the fluoroscope. The fluorescence of any material 
seems to be largely governed by the penetration of the ray or the 
current through a medium vacuum tube of high tension and you get 
greater fluorescence, more luminous fluorescence than with a much 
larger quantity of current passing through the same tube at a 
lower tension. If you have ever compared the fluorescent action of 
a tube excited by a static machine to the fluorescent action of a 
tube excited by a coil, you will readily recognize that the static 
machine shows greater fluorescence in proportion to the ,chemical 
action of the ray; that is to say, the static machine that will give 
a good fluoroseopie picture will not affect a sensitized. fllm nearly 
as quickly as a tube will that is excited by a eoil. 

There is a great difference in physiologic action, and it will 
not be safe to adopt the dosage of the X-ray for therapeutic re- 
quirements as governed by the action on the fluoroscope. 


Dr. A. CLIFFORD MERCUR, Syracuse, N. Y.: The point which 
Dr. Wagner made suggests a question I want to ask Dr. Johnston, 
and that is, whether fluorescence increases proportionately to the 
photographie activity of the X-rays. I am led to ask this ques- 
tion because I feel quite certain that with an old Tesla coil and 
a double anode tube, I have seen quite as brilliant a fluorescence as 
I have seen today with a recent Rhumkorf coil, and a recent tube; 
and I think that the exposures of the two machines compared 
would be, perhaps, like 30 to 1, that is the Tesla outfit would re- 
quire in radiography about thirty times the exposure that would 
be required with the tube energized by the Rhumkorf coil. I asked 
the maker of the Rhumkorf coil, what that meant, and he said that 


’ fluorescence only increases up to a certain point and then ceases 


to increase while the effect in the negative film goes on increasing. 
It is possible that the sensitiveness of the retina of the eye differs 
from that of the selenium tube, and that the latter recognizes 
things that the retina cannot’ recognize. Yet there is a possible 
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fallacy in attempting to measure light from the fluorescent screen 
beyond a certain point, and I would ask whether the observation 
might not be made sufficiently far away from the X-ray tube as to 
overcome this difficulty. As the effects produced by X-Ray de- 
crease with the square of the distance, there might be found a 
point where the fluorescence increases gradually within its limit and 
still sufficiently to serve as a mean of measurement radiographic- 
ally. 

But further from Dr. Dunham’s diagram it would seem neces- 
sary to place the screen between the tube and the subject,-and any 
instrument placed between the subject and the tube would inter- 
fere with the action of the rays on the subject, so that there 
would seem to be a practical difficulty in using the instrument at 
the same time one is making the exposure. These are the points 
I wish to bring up, asking for an explanation from Dr. Johnston. 

Dr. LEwWis GREGORY COLE, New York City: This morning Dr. 
Pfahler showed us the results of his experiments with silver, leath- 
er and aluminum, and in one of the plates he showed us the photo- 
graphic action on the plate with silver and also with the leather 
interposed. In one of these cases there was a marked physiologic 
action, while in the other case there was practically no physiologic 
action apparent on the skin. Bearing that in mind, it seems to 
me that Dr. Johnston’s method of estimating the rays is very 
practical from the skiagrapher’s standpoint, but not from a thera- 
peutic standpoint. If you are going to cut off that amount of 
radiance that Dr. Pfahler showed us might be cut off by putting 
up a leather or silver screen and still obtain the same therapeutic 
action, what would the action on the selenium ¢ell be, and would it 
register the therapeutic or the radiographic activity of the tube? 

Dr. GEorGE E. PFAHLER, Philadelphia: The fact that we 
have discarded old methods of measurement is sufficient testimony 
of their value. We cannot depend on any standard that must be 
measured by the eye, because the eye is not a constant factor. I 
do not think that Dr. Johnston’s apparatus is meant to fill every 
want we have. We will probably have some other problems to work 
out next year, but Dr. Johnston certainly has made a most decided 
step in advance, a step that this society will point to with pride. 

We have a standard of measurement now by means of which 
we can measure, at least, some of the rays. Of course, we cannot 
measure those that affect the skin or the deep tissues, but we can 
measure something, and it is a constant factor. It is a convenient 
and practical apparatus, and for myself I wish to thank Dr. John- 
ston for what he has given us today. 

Dr. MIHRAN K. KASSABIAN, Philadelphia: I would like to ask 
Dr. Johnston how his meter differs from Celamie’s method. 

Dr. JCHNSTON, closing the discussion: I never heard of that 
method before, but, then, Dr. Kassabian’s knowledge of methods 
of measurement is greater than mine. It may be that my method 
is old. I do not know. This method is simply the result of a 
lot of hard work to get something to look at and give me some 
idea of what the tube is doing without using the fluorosoecope and 
burning my hands. I want to live and continue to use the X-ray. 

I do not care what it reads or what calibrations you put on 
the scale, you can always tell what the meter is doing by the way 
the pointer is going over the dial. Of course, it will never tell 
me what the patient is doing or whether he has an idiosynerasy 
to the ray. I never invented anything that is a substitute for 
brains. What the meter indicates is only the fluorescence of the 
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screen. That is all, unless the X-ray has some effect on the selen- 
ium cell in addition to the effect produced by fluorescence. I 
know that this is true, but cannot prove it. 

Every man in this society to whom I have. spoken of this 
meter has given me the best he knew, and I have been very much 
gratified to have everybody offer suggestions that were of value to 
me in my work. Dr. Strong’s invention is no doubt a good one. 
The reason I used tungstate of calcium is that I had a sereen in 
my office nine years old that was still doing good work. 

The lantern slides I showed you are purely diagramatic and 
are not intended to show the apparatus as it is. It takes forty 
volts to overcome the resistance of the selenium cell I showed you. 

At present we have only a tantalizing view of the matter, 
but there is no reason why we should not be able to work this 
thing out and make a practical meter of it. 

Dr. CHARLES LESTER LEONARD, Philadelphia: On behalf of 
Mr. Phillips I wish to thank the society for the interest aroused 
in this subject. What we need is co-operation, and to further 
this co-operation we ought to have a committee that will get to 
work on this matter and give us something. which will approximate 
a measure for therapeutic roentgenographie effect, a measure of 
what we are using. Whether that measure is to be one for radium 
only or for all radioactive substances, including the X-ray, will be 
decided by what is produced; what each one of us can think of 
and use and test and try. We are only beginning with this work. 
A committee should be appointed with the commission to canvass 
the society as‘ fully as possible and report results at the next 
meeting, submitting its conclusions or suggestions for co-operation 
with the society in London. 

I wish to congratulate Dr. Johnston and Dr. Dunham on the 
valuable work they have done. I was present in Berlin and heard 
the selenium cell referred to, but the literature; which is contained 
only in German journals, is not complete, nor has the matter 
been worked out as thoroughly as it has been by this society. 
Our members deserve great credit for the work accomplished and 
we should honor them by placing them on a committee to in- 
vestigate this matter further, and report to us at our next meeting. 
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ADVANTAGES OF THE USE OF X-RAY FILTERS 
IN RADIO-THERAPEUTICS. 
By Dr. RecinaLcp Morton. London, England. 


The experiments that we carried out in the London 
Hospital for the past year were the outcome of an idea 
of mine. I suggested to one of my assistants that we 
might get better results in the treatment of carcifoma if 
we did not have to stop our treatments so often on account 
of the intense dermatitis. I might say that in my depart- 
ment the treatment of inonerab'e carcinoma comprises the 
bulk of the work. It has been necessary to divide 
the’ department and now all superficial skin lesions are 
treatel in the skin department. When I made that sug- 
gestion one of my assistants jokingly remarked that we 
might try to use asbestos to keep the fire out. We had a 
piece of asbestos and made use of it, and to our surprise 
we found that we could give double and treble the number 
of applications without causing any dermatitis that we 
could without the asbestos. 

I then suggested that we try linen saturated with 
tungstate of soda. which being a metal of high atomic 
weight would probably serve the same purpose, and that, 
I might say, is what we use most of all. Tungstate of soda 
is exceedingly cheap and we saturate the linen with a 
saturated solution of the soda, keeping a piece or more 
over the part to be exposed to the X-ray. We have found 
that material to be quite satisfactory in the results pro- 
duced. We can give three or four times the number of 
applications that we could before, and since we have begun 
to use this method we have never aad anything more than 
a slight erythema. The exposures we give are, as a rule, 
of not less than thirty minutes’ duration and sometimes of 
an hour’s duration in a case of large carcinoma of the 
breast. I am certain that we could not do that ordinarily 
without burning the skin most severely. 

Shortly after I began to use the tungstate of soda, I 
received a copy of the transactions of last year’s meeting 
of this society in which I saw Dr. Pfahler’s suggestion to 
use wet sole leather. I promptly got a piece and found 
that it worked as well as anything I had tried. In the case 
of a private patient who always got a severe dermatitis 
after ten applications, I gave sixty applications with the 
use of the sole leather, and while the relief of the symptoms : 
was as good as ever, she had no dermatitis; a clear case 
showing the value of the leather filter. 
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I am quite sure that these filters cut off only those rays 
which are absorbed by the superficial tissues which, after 
all, when treating deep seated growths like a carcinoma of 
the breast, are of no use. We want to stop these rays be- 
fore they come to the skin. 


I experimented and tried to make other kinds of 
screens, and found that one which makes a very n‘ce screen, 
but which is a little more troublesome to make, is to 
saturate lint in a solution of barium chloride, as strong as 
possible. then dip only just enough acid to convert the 
chloride into barium sulphate, which is very insoluble. The 
barium is precipitated into the meshes of the cloth and 


readily makes a very good screen, although, as I said, it is 
more troublesome to make. 


The use of screens in the London Hospital is a matter 
of routine. We do not treat cases without the screen, except 
in the skin department, where Dr. Sequira has an indicator 
to count interruptions, using a certain current always with 
the tube at a certain distance from the part to be exposed 
to the ray. In that way ‘he gets his dosage. He wants 


these superficial rays that we do not want when treating 
carcinoma. 


I am very glad to have this opportunity of telling you 
what we are doing and I also sneak on beh-lf of the 
British Electro-Therapeutic Society, of which I am the 
secretary, and bring you greetings, asking you to join with 
us in these investigations and to interchange copies of the 
transactions annuallv, which surely will be to our mutual 
advantage and benefit. 

Diseussion on Dr. Morton’s paver. 

Dr, GEORGE E. PFAHLER, Philadelphia: I was very much in- 
terested in what Dr. Morton told us. His experiments confirm 
what we have been doing in this country. A confirmation of re- 
sults usually helps to establish truth, and I think that ought to 
be very encouraging to us. I am not sure that sole leather is 
needed to filter out these surface rays. Two or three gentlemen 
spoke of having used chamois skin. Perhaps that is enough to use. 
I used sole leather because I wanted to go a little beyond the skin, 
but it may be possible that thinner leather than sole leather is 
sufficient. For instance, and I intended to speak of this this 
morning, in order to protect my hands I wear ordinary kid gloves, 
and I am quite sure that they have given my hands considerable 
protection. I suggest to others who have had trouble with their 
hands, to try that method. It looks well, keeps your hands clean, 
and retains a certain amount of moisture the skin is apt to lose 
because of the destruction of the sweat glands by the X-rays at 
previous burnings. But in addition to these reasons, I believe 
that the gloves afford a decided protection to the skin. It is 
possible that a thin kid leather may be sufficient to protect the 


skin of the patient. I use sole leather because I want to be sure 
that I am protecting the skin. 
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THE CHANGES PRODUCED IN THE KIDNEYS BY 
ROENTGEN IRRADIATION. 
ALpRED Scott WarRTHIN, M. D., Ph. D. 
Professor of Pathology, University of Michigan, 
Ann Arbor, Mich. 


The publication during the last two years of Heincke’s 
important work upon the changes produced in the lymphoid 
tissues by Roentgen irradiation and the observations of 
Albers-Schénberg uvon the disturbances of testicular func- 
tion similarly produced has effectually disposed of the 
dictum that had been rather vigorously upheld that 
Roentgen rays produced changes only in the superficial 
parts of the body exposed to their action. While other 
investigators have confirmed the observations of these 
writers and have added further to our knowledge concern- 
ing the changes in the lymphoid tissues and sexual glands, 
we are still practically ignorant of the effects of Roentgen 
irradiation upon the other internal organs. The few in- 
vestigations made along these lines have been rather of the 
nature of casual incidental observations, and do not lead 
us to any definite conclusions. Particularly with reference 
.to renal changes due to Roentgen irradiation we are still 
in the dark, and no thorough investigations have been car- 
ried out in this field. In fact, but two observations relating 
to this subject are to be found in the literature, those of 
Linser and Baermann and Buschke and Schmidt. 

Linser and Baermann (Fortschritte auf dem Gebiet 
der Roentgenstrahlen, Dec. 9, 1904) found that exposures 
of one hour produced transitory albuminuria without ap- 
parent change in the renal epithelium. Buschke and 
Schmidt could discover no disturbances of function or 
pathological changes in the kidneys of guinea-pigs and rab- 
bits exposed percutaneously for periods varying from five 
minutes to two hours, although some of the animals died 
during the first week after the exposure without apparent 
cause. In animals in which the kidneys were laid bare by 
incision and freed from their fatty capsules irradiation 
with a medium tube from one-half to two hours produced 
in some cases a slight albuminuria during the first week. 
In two cases only were definite histological changes found. 
the animals dying without apparent cause forty-five and 
fifty-six days respectively after the irradiation. In the 
kidneys of these animals extensive necrosis of the cortical 
substance was found, the necrosis extending even into the 
medullary pyramids. The neighboring tissues showed a 
marked reactive inflammation. Other animals similarly ex- 
posed lived six to eight weeks showing when killed neither 
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macroscopic nor microscopic changes in the irradiated 
kidney. 

From these somewhat unsatisfactory and inconclusive 
experiments Buschke and Schmidt conclude that the kidney 
epithelium is much more resistant to the action of Roentgen 
rays than is the epithelium of the testicles. Based upon this 
comparison they advance the view that cells capable of 
speedy regeneration are less resistant to the rays, while 
those more slowly regenerating offer a greater resistance. 
Since the experiments of Linser and Baermann were prac- 
tically negative in so far as the production of histological 
changes in the kidneys were concerned, and as only, two 
of the animals used by Buschke and Schmidt showed 
pathological changes (and these changes might well be the 
result of the operative manipulations), it will be seen that 
at the present time there fs practically no conclusive proof 


that renal changes can be produced by Roentgen ir- 
radiation. 


The writer was led to the present investigations by the 
remarkable kidney changes discovered by him in the ma- 
terial from two cases of leukemia that had been treated for 
some time with Roentgen rays. The first of these cases 
was a patient of Drs. Brown and Jack of Decatur, Ill. The 
leukemia was of the myeloid type. the white cells number- 
ing 800,000 and the spleen being greatly enlarged. 
Roentgen irradiation of the splenic region twice a week for 
two months produced a great improvement, the spleen be- 
coming reduced in size and the number of white cells 
diminished. Daily exposures were then made for seven 
months and the improvement was so marked that hopes of 
a complete cure were entertained. The patient remained 
in relatively good condition for six months, although the 
leukocyte count was high and there was a high percentage 
of myelocytes. Roentgen irradiation was renewed when 
there was a change fot the worse. The treatment was then 
continued for seven weeks, but he gradually grew worse 
and died with symptoms of a severe intoxication. The 
autopsy was performed by Dr. Jack and the material sent 
to me for examination. It had been fixed in four per cent 
formaldehyde solution and was imbedded in paraffin and 
stained with various stains. 


The microscopic examination of sections of the lungs, 
liver, pancreas, large and small intestine showed atrophy, 
chronic passive congestion and slight parenchymatous de- 
generation, but no signs of a leukemic condition. The 
white cells in the blood vessels were not increased and there 
was no leukemic infiltration. The spleen did not present 
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Fig. 1. Calcification of kidney in case of leukaemia 
treated by Rontgen irradiation. Low power. Haemat- 
xylin and eosin preparation. Dark masses consist of 
lime salts staining deep blue with haematoxylin. 


RS 


THE 
JOHN CRERAB 
LIBRARY 


iff 
} 
{ 
| 
| 
: 
3 
| 
| 


OF ROENTGENOLOGY. 39 


the characteristics of a leukemic organ. Only in the 
retroperitoneal lymph nodes were changes found suggestive 
of an intrinsic disease of the blood-celi forming organs. 
These nodes showed a marked lymphoid hyperplasia, the 
normal structure of a lymph-node being wholly lost. The 
lymphoid cells infiltrated the capsule and the surrounding 
adipose tissue. In so far as the pathological picture was 


concerned the leukemic condition had been changed into an 
aleukemic. 


Without considering the other pathological features of 
this case certain remarkable changes in the kidneys demand 
our attention at the present time. On cutting the kidney into 
pieces suitable for imbedding a marked grating and resist= 
ance was noted. The cut surface showed numerous whitish 


areas and stripes corresponding chiefly to the medullary, , 


rays in the cortex and the collecting tubules in the medul- 
lary pyramids. The sections were cut with great difficulty 
owing to the resistance offered by these whitish areas. 
When stained the sections showed the presence of exten- 
sive deposits of lime-salts filling up the tubules and re- 
placing the renal epithelium. The deposits stained deep 
violet with haematoxylin and dissolved slowly in one per 
cent hydrochloric acid without the formation of bubbles. 
Although found chiefly in the distal convo'uted tubules and 
in the “straight tubules the deposits were present also in 
many of the proximal portions of the convoluted tubules 
and glomeruli. The remaining portions of the parenchyma 
were atrophic and presented more or less marked cloudy 
swelling and fatty degeneration. The intertubular con- 
nective tissue was increased and there were localized in- 
flammatory changes throughout the cortex. The blood 
vessels showed a condition of chronic passive congestion. 
The extent of the calcification was most remarkable, the 
greatest part of the renal structure being replaced by the 
deposits. The condition resembled that sometimes seen 
after poisoning with mercuric chlorid, etc. When dis- 
solved out the lime-salts left behind a granular albuminous 
detritus, the renal epithelium of the affected tubules being 
completely necrosed. 


In the second case of leukaemia treated with Roentgen 
rays similar deposits of lime-salts were found in the kid- 
neys. The patient (Dr. Dock’s Clinic, University Hospital) 
presented universal gladular enlargement with a blood 
picture of a small-celled lymphatic leukemia. Thirty treat- 
ments in all of ten minutes exposures with medium tube, 
six to eight inches distance, were given every other day to 
the cervical and axillary regions. The inguinal regions 
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received nineteen treatments. The enlarged glands became 
much reduced in size, and there was at first a decrease in 
the number of leukocytes followed later by a rise. While 
the general condition seemed at first somewhat improved 
the patient grew worse and died rather suddenly with svmp- 
toms of intoxication. The autopsy was performed by 
myself. Considering only the kidneys here, they were en- 
larged, pale and soft. On section the straight tubules of 
the medullary pyramids appeared as whitish streaks and 
spots that could be scraped away as finely granular chalky 
substance having a distinctively gritty feel. On micro- 
scopic examination the renal epithelium showed slight de- 
generative changes and local inflammatory reaction. Cloudy 
swelling and fatty degeneration were most marked in the 
distal portions of the convoluted tubules, and in the straight 


- tubules, the lumina of many of these being filled with casts 


of a finely granular calcium phosphate that, dissolved out 
with acid, left a granular albuminous cast. In all respects 
the condition resembled that seen in the first case, but much 
less advanced. 


The extensive renal degeneration and calcification found 
in these two cases of leukemia treated by Roentgen rays ex- 
cited at once interest in the question as to the possibility 
of some relation between these changes and the treatment. 
That such changes may be found in cases of leukemia not 
treated by irradiation does not appear in the literature. I 
have also examined the kidneys from twenty-five cases of 
leukemia (myeloid, small and large-celled lymphatic, 
chloroma and the aleukemic forms of lymphocytoma). In 
all these more or less extensive parenchymatous degenera- 
tion was found in the kidneys, as well as leukemic metas- 
tases, localized inflammatory changes, etc., but in none was 
there any deposit of lime-salt seen or such extensive 
necrosis. In general it may be said that the amount of 
parenchymatous degeneration found in the kidneys of 
leukemic cases is in direct proportion to the number of de- 
generating white cells seen in the blood, spleen, bone-mar- 
row and lymph-nodes of a given case. The most extens:ve 
renal changes were found in two cases characterized by 
marked leukolysis. 


The relationship apparently existing between the renal 
changes and leukocyte destruction as shown by a study of 
these twenty-five cases may be taken as an evidence that 
the more severe renal changes in the two cases of ir- 
radiated leukemia are the results of some poison arising 
from this excessive destruction of white cells by the rays. 
This view is supported by the pathological findings in a 
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third case of leukemia treated by Roentgen rays. A 
patient of Drs. Grosh and Stone of Toledo, O., had myeloid 
leukemia for two years, the white cells being 226,500, and 
the spleen showing the usual enlargement. He was given 
five minutes exposures with a medium tube at a distance 
of six to eight inches for two weeks. The white cells were 
reduced to 10,600 and the myelocytes from fifty-two to two 
per cent and the spleen became smaller. The patient then 
died suddenly with signs of severe intoxication. The vari- 
ous organs presented the nicture of a myeloid leukemia 
with excessive leukolysis. The spleen in particular showed 
great numbers of disintegrating white cells and numerous 
areas Of complete necrosis. The renal epithelium presented 
the appearance of advanced cloudy swelling, fatty degenera- 
tion and simple necrosis. The blood-vessels were much 
congested. No deposits of lime-salts were present. The 
collecting tubules contained numerous hyaline and granular 
casts. 

As it seemed very probable that the extensive kidney 
lesions in those three cases of irradiated leukemia bore 
some definite relation to the treatment and the resulting 
destruction of white cells, it was determined to ¢arry out 
some experimental work bearing upon this point. The re- 
sults are given below. 

Experimental Investigations. 

Technique—The animals used were white mice and 
rats, guinea-pigs, rabbits and Belgian hares. Percutaneous 
exposures were given since all other sources of damage to 
the kidneys were to be eliminated, and it was also desirable 
to compare the percutaneous effects of the rays upon the 
kidneys with those upon the lymphoid tissues. The smali 
animals were placed wholly in the field of exposure. while 
in the larger ones the field of irradiation was limited to the 
abdominal region, including the spleen and k’dneys. A 
medium soft tube was used, distance six to eight inches, 
four inch spark gap, current about. 3 M. A., penetration 
power equa! to four M. M. of aluminum. The animals were 
either killed by being onened under the influence of 
chloroform or were allowed to die spontaneously. In both 
cases the organs were removed from the body while warm 
and fixed at once in a saturated solution of mercuric 
chloride or in Flemming’s soltution. In a few cases in 
which the animal was not seen at death the organs were 
fixed in a four per cent solution of formaldehyde. With 
the exception of that fixed in Flemming’s all the tissues 
were imbedded in paraffin and stained with various stains, 
haematoxlyn and eosin being chiefly used. 

Experiment 1.—White mouse exposed one-half hour. 
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No apparent effects from the exposure. Killed at once. 
Autopsy appearance negative. The microscopic examina- 
tion showed nuclear fragments of lymphocytes in the spleen. 
Very slight changes were found in the nuclei of the renal 
epithelium, consisting of a slight swelling and vacuolation 
of the nucleus, the chromatin particles being somewhat 
more compactly clumped. On the whole these changes 
were so slight as easily to escape notice, and would not 
ordinarily be regarded as pathologic or as due to the ex- 
posure. Only when viewed in the light of careful control 
comparisons was the conclusion reached that they were ihe 
result of the irradiation. 

Experiment 2.—White mouse exposed as above and 
killed one-half hour after the exposure. The appearance 
of the kidneys was negative. The microscopic examina- 
tion showed same slight changes in the renal epithelium. 
The spleen contained a greater number of disintegrating 
lymphocytes. 

Experiment 3.— White mouse exposed as above. No 
apparent effects. Killed one hour after exposure. No 
macroscopic changes in kidneys. The microscopic exami- 
nation showed numerous disintegrating lymphoid cells in 
the spleen. The same slight changes were found in the 
renal epithelium. 

Experiment 4.—White mouse exposed as above and 
killed an hour and a half after exposure. No symptoms. 
The macroscopic appearances of kidneys were negative. 
The spleen was enlarged and dark-red. The microscopic 
examination of the spleen showed great numbers of chro- 
matin fragments throughout the pulp and follicles. The 
same slight changes in the chromatin of the renal epith- 
elium were found, but appeared less marked. 

Experiment 5.—White mouse exposed as above and 
killed two hours after exposure. No. symptoms. Macro- 
scopic appearances of kidneys negative. Marked nuclear 
disintegration in the spleen. Microscopic changes in the 
kidney the same as in the preceding. 

Experiment 6.—White mouse exposed as above and 
killed two and a half hours after exposure. No symptoms. 
Macroscopic and microscopic conditions in spleen and kid- 
neys same as in the preceding. 

Experiment 7.—White mouse exposed as above. No 
symptoms. Killed three hours and twenty minutes after 
exposure. Spleen red, slightly enlarged. No macroscopic 
changes in kidneys. The nuclei of the renal epithelium 
showed such slight changes as to be. practically normal. 

Experiment 8.—White mouse exposed as above. No 
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Fig. 3. Higher power view of portion of kidney seen 
in Fig. 2, showing deposits of lime salts in glomeruli and 
convolutedtubules. Haematoxylin and eosin preparation. 
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symptoms. Killed four hours after exposure. Spleen 
slightly enlarged. No macroscopic changes in kidneys. 
Microscopic picture same as in preceding, with slightly 
more disintegration in the spleen. 

Experiment 9.—White mouse exposed as above. Four 
hours after exposure the animal was more quiet than nor- 
mal and its eye-sight was apparently impaired. Back 
humped. It was killed five hours after exposure. The 
spleen was somewhat swollen and brownish in color. No 
macroscopic changes in the kidneys. Microscopic examina- 
tion showed slight cloudy swelling of the renal epithelium. 

Experiment 10.—White mouse exposed as _ above. 
Several hours after exposure became quiet, back humped. 
eye-sight impaired. Was killed six hours after the ex- 
posure. The macroscopic and microscopic pictures same as 
in the preceding. 

Experiment 11.—White mouse exposed “as above. 
Several hours after the exposure developed the same symp- 
toms as in the preceding. Was killed seven hours after 
the exposure. The spleen was small and browner than 
normal. The microscopic examination showed © slight 
cloudy swelling of the kidney epithelium. Numerous 
phagocytes containing chromatin granules were scattered 
through the spleen pulp, and the number of lymphocytes 
was diminished. 

Experiment 12.—White mouse exposed as_ above. 
Same symptoms. Killed eight hours after exposure. 
Macroscopic and microscopic pictures same as in the pre- 
ceding. 

Experiment 13.—White mouse exposed as above. 
Same symptoms developed a few hours after exposure. 
Killed fifteen hours after the exposure. Macroscopic ap- 
pearance negative. Slight cloudy swelling in the renal 
epithelium. The greater part of the disintegrated lymphoid 
cells in the splenic pulp and follicles were collected in large 
phagocytes. 

Experiment 14.—White mouse exposed as above. 
Same symptoms developed. Was killed twenty-four hours 
after exposure. Macroscopic appearance negative. Slight 
cloudy swelling of renal epithelium less marked than in 
preceding one. Fewer evidences of lymphoid disintegra- 
tion. Beginning regeneration. 

Experiment 15.—Young white mouse exposed for five 
hours. Almost immediately developed symptoms, shiver- 
ing, blindness, body damp and cold, back humped, hind- 
quarters paretic. Became comatose and died spontaneous- 
ly twelve hours after exposure. Body very shrunken, blood 
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thick, coagulating immediately. Spleen very small ind 
deep brown. Kidneys deep brown, small and dry. ~~ ue 
microscopic examination showed great destruction of 
lymphoid cells in the spleen, lymph-nodes and bone-m+- 
row. The kidney tubules were distended, the epithe \l 
cells smaller than normal, but staining more deeply, th r 
chief nuclei pale and vacuolated. Heavy precipitate .f 
albumen in the tubules. 

Experiment 16.—Half grown white mouse exposed 
five hours. At the end ot the exposure the animal ay 
peared very ill, back humped. eyes closed, body damp ar | 
cold, diarrhoea, paresis of hind quarters, etc. Died i 
twenty-four hours of slowly progressive weakness and 
coma. Spleen small and dark red. Kidneys small and 
deep brown. All tissues very dry. Microscopic examina- 
tion showed marked destruction of lymphoid tissues. The 
nuclei of the renal epithelium pale and vacuolated, the cell- 
protoplasm diminished and granular, the tubules distended 
and filled with a heavy albuminous precipitate. 


Experiment 17.—Young gray mouse. Exposed five 
hours after. Same symptoms as in preceding experiment. 
Died of paresis and coma forty hours after exposure. 
Macroscopic and microscopic findings samag as in the pre- 
ceding. 

Experiment 18.—Full grown white mouse. Exposed 
five hours. Developed the same symptoms more slowly and 
died the third day. Spleen very small and dark red. Kid- 
neys very small and very brown. Microscopic examination 
showed marked destruction of the lymphoid tissues. The 
renal epithelium was smaller and stained more deeply than 
normal and its nuclei showed vacuolation and clumping of 
the chromatin. The tubules were distended and filled with 
a granular precipitate of albumen. 


Experiment 19.—Full grown white mouse exposel for 
thirty-two hours and forty-five minutes during a period of 
five days. Died while being exposed, developing the same 
symptoms as the preceding. The autopsy showed great dis- 
tension of the intestines. the peritoneum was very dry, the 
liver small and brown, and the spleen about one-third nor- 
ral size and very firm and brown. The kidneys were 
diminished in size and very brown. The microscopic ex- 
amination showed the renal epithelium to be smaller than 
normal, very granular and stainine heavily with eosin. The 
nuclei were pale and vacuolated. The tubules were dis- 
tended and filled with a heavy granular precipitate. The 
changes in the kidneys of this case were much more severe 
than in any of the preceding and were easily recognized. 
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Experiment 20.—Two white rats, one full grown 
white mouse, three half grown white mice and one gray 
mouse were exposed in the same field for five hours. A 
medium tube was used, backed, six amperes through 
primary of coil, four inch parallel spark gap. about two 
M. A. through tube, penetration equal to sixteen M. M. of 
aluminum. All the animals showed marked symptoms 
w'thin twelve hours after exposure, similar to those de- 
scribed above. The large white rats seemed more affected 
than the full grown mouse. The young white mice died 
within thirty hours, the gray one within forty hours after 
exposure. The white rats died by the eighth day, the 
white mouse lived until the tenth day. The autopsy ap- 
pearances were negative or the same slight charges men- 
tioned above. In the animals dying soon after the exposure 
the s'ight nuclear changes were alone found in the kidneys; 
in the animals dying later the renal evithelium showed a 
more marked condition of cloudy swelling, the degree of 
the kidney lesion correspond‘ng in general to the severity 
of the symptoms and the length of time between the ex- 
posure and death, the renal changes being most marked in 
the animals dying last. Marked destruction of the lym- 
phoid tissues was present in all the animals, but was more 
extensive in the white rats. 

Experiment 21.—Twelve young but full grown white 

. rats were exposed in the same field for five hours under 
conditions identical with those of last experiment. One 
animal was killed daily for six days, the others were al- 
lowed to die, death occurring in all cases by the eleventh 
day after exposure. The symptoms in all were identical 
with those described above, gradually increasing emacia- 
tion, paresis and coma. The lymphoid tissues showed ex- 
tensive disintegration of the lymphoid céfis during the first 
five or six days, the chromatin granules being gathered up 
by phagocytes and gradually removed after this time. Im- 
mediately following the exposure very slight nuclear 
changes in the renal epithelium were founé3m the animals 
dying later the kidneys were enlarged and Cemgested. The 
microscopic examination showed a marked cloudy swelling. 

Experiment 22-40.—A series of experiments were also 
carried out with larger animals, rabbits, etc. It is not 
thought necessary to give the details of these experiments, 
since they do not differ from those above. The results 
were similar. Exposures of one-half to one hour produced 
very minute changes in the renal epithelium apparently 
quickly recovering. Prolonged exposures causing symp- 
toms, (it is not possible to give exposures sufficiently pro- 
longed to cause the death of the larger animals), were fol- 


= 


— 


46 AMERICAN QUAKTERLY 


lowed by a condition of cloudy swelling of the renal 
epithelium and an albuminuria, in proportion to the degree 
of destruction of the lymphoid tissue. Two exceptions to 
this were noted in two Belgian hares, exposures of one: 
half and one hour respectively causing immediate al- 
buminuria and cloudy swelling. 

Conclusions: 1—From the above it will be seen that 
percutaneous Roentgen ray exposures of small animals 
for half an hour to an hour produce at once slight nuclear 
changes in the renal epithelium, characterized by swelling 
of the nucleus, vacuolation, clumping of the chromatin and 
some loss of staining power. From this primary injury to 
the chromatin recovery is prompt, but there follows after 
six to twelve hours a secondary kidney change character- 
ized by albuminuria and cloudy swelling. This second 
change occurs during the period of phagocytosis and re- 
moval of the lymphoid detritus from the spleen, bone-mar- 
row and lymph-nodes, and appears to be in direct propor- 
tion to the degree of lymphoid destruction. It is, of course, 
possible that this second kidney change is but the result of 
the primary disturbance of the nucleus, but the first ex- 
planation seems to me more probable. + 


2.—In the case of an animal exposed continuously 
until death occurs the renal changes are more marked, the 
renal cells being diminished in size cloudv, and the tubules 
distended with an albuminous precipitate. 


3.—Continuous exposures of five hours or more are 
invariably fatal to small animals, death occurring within 
ten days following marked symptoms of paresis and coma, 
these symptoms also bearing a definite relation to the 
amount of lymphoid destruction and to the kidney lesion. 
To what extent these symptoms are dependent upon direct 
injury to the central nervous system cannot be said at the 
present time. The character of the symptoms suggests 
either a primary or secondary damage to the central 
nervous system. The assumption of a primary injury is 
upheld by the fact that all small animals exposed for five 
hours or more became either totally or partially blind. On 
the other hand, the progressive development of the symp- 
toms some days after the injury is very suggestive of an 
intoxication, and the character of the symptoms accords 
with the poisonings due to products of proteid destruction. 

4.—If we make therapeutic application of these con- 
clusions it would seem that the destruction of great num- 
bers of leucocytes as occurs in the Roentgen rays treatment 
of leukemia may be dangerous to the organism, either in 
its action upon the ceritral nervous system or upon the 
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kidneys. As to the occasional irradiation of the human 
body it is hardly likely that any serious damage to the kid- 
neys could result, but in the case of repeated and prolonged 
irradiation of the lymph-nodes and spleen the possibility 
of renal injury should be borne in mind. Careful and re- 


peated examinations of the urine should therefore be made 
in all such cases. 


5.—It is probable that the Roentgen rays cause dis- 
turbances of the chromatin of all cells. the lymphoid cells 
and the epithelial cells of the testis being the most suscep- 
tible. As compared with these the renal cells are much 
more resistant. In a general way, then, the view is upheld 
that all cells capable of rapid proliferation or renewal are 
especially susceptible to the action of the Roentgen rays. 


EXPERIMENTAL AND PRACTICAL APPLICATION 
OF THE X-RAY IN DISEASES OF THE BLOOD 
AND BLOOD-FORMING ORGANS, WITH RE- 
PORT OF CASES, AND A REVIEW OF THE 
LITERATURE ON THE SUBJECT. 


By Henry K. Pancoast, M. D. 


Lecturer on Skiagraphy, University of Pennsylvania, and 
Skiagrapher to the University Hosp‘tal. 


The first object of this paper is to report the final 
results in one of the cases of leukaemia, the case of pseudo- 
leukaemia, and the case of polycythaemia mentioned in 
the preliminary report last year, and to place on record a 
case of pernicious anemia and new ones of leukaemia and 
Hodgkin’s disease, together with references as to the re- 
sults of the metabolism investigations made in connection 
with some of these cases and in some other diseases. Sec- 
ondly, an attempt has been made to review the literature 
concerning the X-ray treatment of leukaemia and pseudo- 
leukaemia especially, but also of other diseases referable 
to the blood-forming organs, and in addition, references 
will be made to the practical application of the experi- 
mental researches upon the effect of X-ray exposures on 
lymphoid structures in lower animals. Thirdly, the at- 
tempt will be made to show by these references, by the 
researches of Edsall and others in metabolism, and by sta- 
tistics, that in leukaemia, especially, the X-ray is not a 
curative agent per se, but by secondarily destroying ex- 
cessive and abnormal masses of lymphoid tissue and 
greatly increased numbers of leucocytes in the blood. 
Nature, or, in other words, the individual organism itself, 
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is given an opportunity to remove the cause. Lastly, a 
few instances will be cited showing that X-ray applica- 
tions in gertain grave constitutional disorders are not only 
dangerous and contra-indicated, but may cause death. 


In the review of the literature, the following diseases 
have been included, and will be discussed in the order 
named: 

Leukaemia, both varieties. 
Pseudoleukaemia. 
Polycythaemia. 

Splenic anemia. 
Pernicious. anemia. 


This task has assumed greater proportions than was 
realized at the time I was asked to prepare a paper of this 
kind, and probably a few references have been overlooked. 
There are about a dozen articles in foreign languages that 
I have not yet looked up, and will have to be referred to 
later when this paper is prepared for magazine publication. 
Literature does not reveal all of the cases that have been 
treated, and it would be safe to assume that not more than 
half of the number have been reported. Moreover, many 
reports are included in discussions or published under titles 
that give no clue to their existence, and are ‘therefore 
missed. Unfortunately, it is not the custom of everyone 
to report failures, even though these are as important for 
statistics as are the successfully treated cases. 

Leukaemia. 

Case No. 1. At the meeting last year I reported a 
case of splenomedullary leukaemia successfully treated by 
the X-ray for a relapse following about one year after 
a symptomatic cure under the administration of arsenic. 
Thirty-one exposures were made during a period of 5% 
weeks, and the patient went home apparently well, except 
that the spleen was still slightly enlarged. She was ad- 
vised to submit to an occasional exposure as a prophy- 
lactic measure. Unfortunately, after the 26th application 
she developed a dermatitis which resulted in a third degree 
“burn” that never healed entirely, and always interfered 
to a certain extent with subsequent treatment. Despite the 
fact that she received a few exposures during the summer 
of 1905, she returned 5 months later (Oct. 3, 1905) with 
evidences of a relapse. Treatment was started at once. 
At first the application had no effect and the leucocyte 
count rose rapidly in 10 days from 90,000 to 210,000. The 
spleen had increased to nearly its original size, but the 
general condition was hetter even than when she returned 
home previously. Fortunately there were soon evidences 


/ 
| 
| 
it 
| 
A 


OF ROENTGENOLOGY. 


of a reaction, and the leucocytes began to diminish grad- 
ually. We were not able to bring about a symptomatic 
cure this time, and after 36 exposures of 8 minutes each 
to the splenic area and 3 minutes to the knees, during a 
period of 614 weeks, she returned home Nov. 19, 1905, to 
continue the treatment there. When she left, the leuco- 
cyte count was 33.400, the spleen was ™% inch below the 
costal margin (smaller than at any time), and her general 
condition was unchanged, and only “fair.” The trip home 
sent the leucocytes up to 64,000 the next day, but they fell 
rapidly under treatment by Dr. G. C. Boughton and the 
satisfactory domestic surroundings to 11,690 in 5 days, 
and on Dec. 4 were as low as 10,200. But from then on 
there was a steady increase, and the last count made by 
Dr. Boughton. Feb. 3, 1906, showed 77,000. She returned 
to me Feb. 6 with a 4th recurrence. The spleen was con- 
siderably larger, the leucocytes numbered 95,000, and al- 
though she had gained in weight, she was weaker. X-ray 
treatment was started at once, with exposures of 10 
minutes each to the splenic area and 3 minutes to the knees 
almost daily. After 26 applications during a period of 7% 
weeks, she returned home again March 31, 1906. The 
spleen was no smaller, she was much weaker, and liad lost 
considerable weight. The blood condition was: 
Red cells, 4,180,000. 
Leucocytes, 52,000. 
Haemoglobin 80%. 
Myelocytes were numerous. After returning home 
she gradually grew worse, and died June 14, 1900. 
Case No. 2. H. A. E. Male, white, 43 years, native 
of Philadelphia, saloon keeper. 
Family History—Negative; no tuberculosis or neo- 
plasms. 
Previous Personal History—Had diphtheria, once. 
Severe malarial attack 18 or 20 years ago followed ‘an 
attack of influenza in February, 1905. 


History OF PRESENT CoNDITION— 


The patient was referred for X-ray treatment for 
splenomedullary leukaemia by Dr. Musser, Oct. 11, 1905. 
His only complaint was weakness, but he was still able 
to work. The spleen was moderately enlarged and the 
leucocyte count was 96,000. X-ray treatment was started 
at once. Sixty-nine applications were made during a 
period of 17% weeks to Feb. 10, 1906, when a sympto- 
matic cure seemed to have been obtained. The leucocyte 
count was then 4,200, the spleen was not palpable, and his 
general condition was altogether normal, his weight hav- 
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ing increased to his standard, and he felt as well as he 
ever had before. Unfortunately, no differential count was 
inade to determine the presence of myelocytes. The leuco- 
cyte count began to rise slowly from this subnormal point 
and numbered 6,640 on. March 8. He was told to return 
in three weeks, and on the 29th the count was 16,000 
leucocytes. From previous experience this was taken to 
indicate the starting point of a recurrence, and X-ray 
treatment was resumed. In 4 weeks, after 10 applica- 
tions, the white cells were reduced to 11,000. From this 
time (May 24) there was again a rise, and despite vigor- 
ous treatment this continued, and by June 27, after II 
more exposures, the leucocytes numbered 53,000.. Then a 
reaction began and since that date there has been a grad- 
ual irregular decrease to 14,600 when I made the last 
exposure before coming away on my vacation. During 
this relapse the spleen has been palpable at times on deep 
inspiration. The patient has felt perfectly well and con- 
tinues to gain in weight. About 108 exposures have been 
given to this patient during a period of 43% weeks with- 
out causing dermatitis, and this I ascribe to the use of the 
wet leather filter devised by Dr. Pfahler. A cure has not 


been obtained, nor do I expect a permanent one, but shall 
endeavor to prolong the life of this patient in comparative 
comfort just as long as the treatment tends to control the 
disease. 


The detailed leucocyte count follows: 


November 2, 1905........ 


24 


56,090 
51,000 
December 15 “ ....:... 31,000 
26,400 
21,000 
January 4, 1906........ 19,500 
15,200 
14,400 
6,200 
4,200 Treatment stopped. 
5,100 
6,280 
6,640 
20,409 
12,400 
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14,000 
14,200 
12,560 
II.200 
12,960 
14,000 
15,760 
15,200 
22,000 
23,50¢ 
19,000 ( ?) 
57,500 
23,000 No treatment since 
June 27. 
25 000 
23,300 
20,690 
27,300 
17,600 
22,600 
i pct 18 300 Changed to a harder 
and black tube. 
13,600 
24,300 
15,000 
14,600 


In reviewing the literature on leukaemia, I have col- 
lected 123 cases treated by the X- ray, and this represents 
the greater bulk of the reports, but a few more articles yet 
remain to be examined. 


Summary. 
Splenomedullary cases reported in literature.................. 80 
Splenomedullary cases reported by letter.................... 3 
Lymphatic cases reported in 30 


Unclassified cases reported in literature 


| 
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The primary results obtained by the treatment were as 
follows: 
Spleno- Lym- Unclass- 
medullary. phatic. ified. Tots. 
3 


Improved and still under treatment... 14 1 0 E57 
Not affected or but slightly improved.. 13 10 3 26 
Report of result not obtained......... 1 0 2 3 


Of the 123 cases included in the table, final reports 
have been received or found of 63, or slightly more than 
51 per cent. The following table shows the final outcome 
or present condition of these patients: 

Spleno- Lym- Unclass- 
medullary. phatic. ified. Tots. 


Symptomatie cure, relapsed, died...... 11 5 0 16 
Symptomatic eure, relapsed living but 

condition very grave.............. 5 0 0 5 
Improved relapsed, and died of the dis- 

ease or an intercurrent infection... 14 3 1 18 
No effect, or but slightly improved, and 

5 8 3 16 
Symptomatic cure, relapse, and under 

treatment at the present time..... 4 0 0 4 

ts 41 18 4 63 


Out of the 123 cases mentioned, the final outcome or 
present condition has been ascertained from the reports 
or replies to letters of inquiry in 63. Out of these 63 
patients, only four are alive and well today, and represent 
only about 6 1-3 per cent. One of these, of the spl+no- 
medullary variety, treated by Schultz, had been well in 
1g05 without relapse, for 4 years. Burdick’s case cured 
in 1900 had a relapse in 1002, 2nd has remained well to 
the present time, and his lymphatic case cured in 1c02 has 
been in good health since a relapse in 1904. Senn’s case 
of the same variety wes cured in 1002, and ‘has remained 
so. The death rate of these 63 cases is 55, or 87 1-3 per 
cent. and four other patients, or 6 1-3 per cent, are in prac- 
tically a dying condition. 

It may be of interest to note that two cases of spleno- 
medullary and one of lymphatic leukaemia have died dur- 
ing treatment as a result of toxemia, one of each variety 
died of intercurrent pneumonia, ome case of the spleno- 
medullary variety died of tuberculosis, one with meningeal 
symptoms, and one with symptoms resembling those of 
spinal hemorrh2ge. 

In connection with these facts. it may be remembered 
that intercurrent infections are frequently responsible for 
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spontaneous improvements in leukaemia and _ pseudo- 
leukaemia. Neutra (103) in 1903 had collected 19 re- 
corded cases in which there was a marked reduction in 
leucocytes during and after an intercurrent infectious dis- 
ease. He stated that there was never any improvement in 
the general condition, and believed that the reduction was 
due to a destruction of leucocytes by the toxins cf the 


intercurrent disease, and not to any improvement in the 
leukaemia. 


The above statement of results is certainly not very 
encouraging. In view of the high death rate, the fre- 
quency of relapse, and the results of experimental research, 
the X-ray is certainly not a specific therapeutic agent in 
either variety of leukaemia. Although its influence in 
rapidly destroying enormous numbers of leucocytes in the 
blood, in reducing to a normal or nearly normal size a 
spleen of tremendous proportions, and likewise similarly 
affecting the enlarged glands. is obvious to all of us, never- 
theless, the true cause of the disease is evidently not de- 
stroyed, and a relapse is to be expected sooner or later. 
However, the mortality is no higher than by any other 
form of treatment, and we can usually be reasonably cer- 
tain, if the case be not too far advanced, of at least pro- 
longing life. It seems to be generally accepted that no 
case of splenomedullary leukaemia can be _ considered 
cured while myelocytes remain in the b!ood. 


The dangers attending the use of the X-ray treatment 
should be well borne in mind, and examinations of the 
urine carefully made, and symptoms of toxemia looked 
for. The evidences are very numerous in literature of 
death having been hastened by failure to observe these 
points. Because of the autopsy findings in a few cases 
of leukaemia it has been claimed that the X-ray may have 
a degenerative action upon the kidneys in the treatment of 
such conditions. But there are no facts mentioned in lit- 
erature to substantiate this belief. The changes in ‘the 
kidneys in the few autopsies that have been made were in 
all likelihood due to the X-ray only secondarily, and were 
teally to be expected.* 

As to the way in which X-rays act in leukaemia, this 
question was dealt with in the paper I presented last year, 
and there has been plenty of evidence in literature to sup- 
port it. There have been three theories of importance ad- 
vanced in regard to the reaction found in this disease. 
1. At first, Senn and Ahrens claimed that the rays inhib- 


* As the paper by Dr. Warthin covers this subject thoroughly, the further 
motes upon renal changes will be omitted from this article. 
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ited the development of or actually destroyed a hypothetical 
parasite of leukaemia. 2. Others have claimed that the 
rays exert an inhibitory action upon the blood-making or- 
gans, and do not cause a destruction of cells’ in these 
organs. 3. The theory of an autolytic action seems to 
have the best support, and in addition there may be a 
direct action upon lymphoid structure, but this is not 


proven. 
PSEUDOLEUKAEMIA. 


Case No. 5. Pseudoleukaemia. M. P., male, 42 
years, married, native of Austria, occupation store clerk. 
Referred by Dr. M: H. Fussell, medical dispensary. The 
patient was admitted to the dispensary Sept. 26, 1904. 


Famity History: Negative. No tubercular history. 


Previous History: None of the diseases of child- 
hood. He has suffered with dyspepsia for 22 years, and 
attributes this to fasting for 3 months, eating only a loaf 
of bread one day during each week, in order to reduce his 
weight below the standard, and thus avoid army conscrip- 
tion. After this fast he had an abnormal appetite, which 
has continued more or less ever since. About seven years 
ago he began to have some trouble with his foot, and about 
18 months ago he received 21 X-ray applications and was 
cured, and has had no further trouble with it. He says 
he was told he had a sarcoma of the skin. 

History oF PreseNtT TRouBLE: For a year he has 
been feeling weak and has been confined to bed several 
times in consequence, and on account of dyspepsia. Six 
months ago he consulted a stomach specialist, who did 
nothing for this condition, but discovered that the spleen 
and the cervical, axillary and inguinal lymphatic glands 
were enlarged, and the blood examination revealed an 
anemia. He was treated with bone marrow and arsenic 
for about a month and the glandular swellings disappeared. 
During the past week the spleen and glands have again 
enlarged. 

CoNDITION ON ApMIssION: Complains of weakness, 
slight dizziness, dyspepsia, edema of the ankles and puffi- 
ness of the lower eye-lids at times. No dyspnoea, appe- 
tite good, bowels regular. The tongue is heavily coated. 
The urine contains a trace of albumen, but is otherwise 
negative. Considerable edema of the legs and ankles, 
which -is less in the morning. The thorax is negative, 
except for a possible impairment of resonance over the 
right apex. The spleen extends from the eighth rib in 
the mid-axillary line above to an inch and a half below 
the costal margin, and'is movable. The stomach is ptosed, 


=i 
a 
| 
= 
| 
ES 
| 
| 
| 
| 
i 
| 
4 
ang | 
a 
e 
4 
= 


OF ROENTGENOLOGY. 55 


and by inflation extends downward to the umbilicus. The 
right kidney is movable. The liver is not enlarged. All 
superficial lymphatic glands are enlarged as follows: 
Submaxillary, the largest—Size of a walnut. 
Post-cervical—Slightly. 
Supra-clavicular—Slightly. 
Both axillae and epitrochlear—Latter the size of a 
pea. 


Soth inguinal—Size of a lima bean. 

One gland in the dorsum of the penis behind the 
corona—The size of a large pea, but flat. 

One gland in the right popliteal space. 

Treatment: Arsenic and bone marrow, and contin- 
ued one month. . 

X-ray treatment was started Oct. 7, 1904. and during 
the remainder of the year 48 applications were made. 
Each time the tube was placed over the abdomen, then 
over the thorax, including the axillae and one side of the 
neck, and then over the inguinal regions. The exposure 
over each area lasted 2 to 5 minutes, with the anode 14 
to 14 inches from the skin. These exposures may seem 
short, but in reality they were severe, as an electrolytic 
interrupter was used and a primary current of from 5 to 
15 amperes, forcing a secondary current of from I to 2 
milliamperes through a hard tube with a vacuum equiva- 
lent to 3 to 5 inches of spark gap resistance. It was known 
that the superficial glands would absorb fewer rays than 
from a softer tube, but they evidently absorbed enough, 
and we were after the deep-seated glands that must also 
have been enlarged. Later, when a mechanical spring in- 
terrupter and less primary current were used, the ex- 
posures were made longer. After receiving these 48 ap- 
plications, all the superficial enlargements except the 
nodule of the penis, were considerably reduced in size. 
The spleen varied and the changes in size were rapid, an 
increase in size being usually accompanied by an attack of 
indigestion. From Jan. 4, 1905, 19 additional applications 
were made up to Feb. 7, when the only glands still en- 
larged were the post-cervical (slightly), the left parotid 
lymphatic and the inguinal, which were still considerably 
enlarged. The nox lule on the penis remained: the same. 
The stomach was still ptosed, and the liver also, but not 
enlarged. The spleen extended from the ninth rib above 
to the level of the umbilicus below, but could be pushed 
up under the costal margin, and then the splenic dullness 
extended upward to the eighth rib. The general condi- 
tion was considerably improved. Treatments were con- 
tinued three times a week until March 31, 1905, making 
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21 additional applications. These were made as often and 
as severe as the skin would allow. From this time until 
May 12 there were 10 exposures, or twice a week. He 
then developed a mild erysipelas of the right leg, accom- 
panied by a marked enlargement of the suphenous glands 
on the same side. This condition subsided in about 10 
days and treatments were resumed May 23, and continued 
once a week until July 3. The spleen was then larger, 
and he had had an attack of indigestion for two weeks. 
He did not return until August 5, and was then feeling 
much better, and a few days later the spleen was barely 
palpable. From this time until October he came back 
but three times and has not been seen since. At the time 
of the last v:sit the spleen was nearly normal in size, most 
of the glandular enlargements had disappeared, and those 
remaining were much reduced in size, but both the spleen 
and glands varied at intervals. He had no cough, but a 
slight dullness was found at the right apex, and he had 
some pain in the right side of the chest. There was 
puffiness in the lower lids. His weight was 127% pounds, 
130 being normal. He was emaciated in appearance; but 
was probably always so, and the skin was sallow. On ac- 
count of his weakness it cannot be said that the general 
condition was due to phthisis or to the splanchnoptosis 
would seem to indicate. In all, he received 107 X-ray 
treatments during a period of one year. 


We cannot record this case as a “cure,” and the most 
that can be said is that we brought about a considerable 
improvement symptomatically. Evidences of the disease 
certainly sti!l remained, and whether or not the general 
condition was due to phthisis or to the splanchuoptosis 
and accompanying gastric disorder cannot be stated defi- 
nitely. I do not believe that the patient is still living, 
but if he is. he has either gone to another institution 
for treatment or is to be considered a hopeless invalid. 


Case No. 6. Pseudoleukaemia. Mrs. A. W., fe- 
male, 40 years, native of Pennsylvania, married. Re- 
ferred by Dr.-J. M. Spellissy. 

Famity History—Negative. No neoplasms, anaemias, 
disease of the thyroid, nor tuberculosis. 

Previous History—Negative. 

History oF PRESENT ConpitTrion—In November, 1905, 
the patient noticed a swelling in her neck over the supraster- 


nal notch. It was painless and soft at first, but grew pro- 
gressively upward and to the right and became firmer, and 
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soon began to cause difficulty in swallowing and breath- 
ing. She began to lose weight and strength as soon as 
the swelling was noticed. In March, 1906, the pressure 
had become so great that she could not lie down on ac- 
count of dyspnoea, and could swallow soft food only. By 
this time she had lost 35 pounds in weight. On March 
12 she was operated on by Dr. Spellissy for what was 
supposed to be a malignant growth of the thyroid or cer- 
vical lymphatic glands, or possibly a local manifestation 
of Hodgkins’ disease. The mass in the neck was removed 
partially under local anaesthesia, as a general anaesthesia 
was contra-indicated on account of the dyspnoea. After 
incising the neck a chain of dense lymphatic glands lying 
upon the internal jugular vein was removed from the 
mastoid process to about one and one-half inches below 
the sternal] notch. The opening up of the neck relieved 
the dyspnoea and the operation was finished under ether. 
Below this mass and an inch and a half below the sternal 
notch, glands of the same character were felt, but could 
not be removed without splitting the sternum, and their 
further treatment was deferred until the pathologist’s re- 
port should be received. Dr. Longcope examined ihe 
specimen and pronounced the growth to be a localized lvm- 
phatic enlargement due to pseudoleukaemia. It was then 
thought advisable to submit the patient to X-ray treat- 
ment. 


I saw her three weeks later and concurred in this 
opinion, as it seemed to offer the only chance, though a 
remote one, of curing her, but would at least probably pro- 
long her life. There was a sinus still persisting in the line 
of the scar and probably due to a lateral ligature of silk on 
the jugular vein. Immediate treatment was advised, but 
the patient felt much better and wished to return home 
first. promising to come back in a few days. She did not 
return until June 27, 15 weeks after her operation. About 
the end of April, or six weeks after the operation, she 
noticed a recurrence of the growth in the suprasternal 
notch, and it grew steadily upward and to the right, and 
soon caused a return of pressure symptoms. When sne 
returned to me, the mass was about the size of an egg 
and firm and immovable. It was necessary for her io 
sleep in a semi-recumbent posture on account of extreme 
dyspnoea, and she could swallow soft food only. The right 
pupil was dilated. She was again losing weight. Exam- 
ination of the chest revealed dullness over both apices and 
extending further down on the right side. A skiagraph 
made July 3 shows the extent of the intrathoracic portion 
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A single X-ray exposure was given June 27, and then 
after consulting with Dr. Ralph Pemberton it was decided 
to carry out Dr. Edsall’s metabolism investigations on this 
case, which seemed particularly suitable on account of the 
very large and localized mass. From this date until July 
4 “placebo” applications were made with a punctured tube, 
as it was necessary to have a preliminary control period on 
the special diet without X-ray exposures before the treat- 
ment was begun in earnest, and the patient was unwilling 
to submit to any delay. She was admitted to the Uni- 
versity Hospital onthe service of Dr. Tyson June 29 and 
was at once placed.on the special diet used in the investi- 
gations in the leukaemic cases previously reported. The 
blood examination showed: 

Red cells, 4,880,000. 

Leucocytes, 7,700. 

Haemoglobin, 55.00 per cent. 
Polymorphonuclears, 82.00 per cent. 


Lymphocytes, 12.00 per cent. 
Large mononuclears, 4.00 per cent. 
Transitionals, 1.33 per cent. 
Eosinophiles, 0.67 per cent. 


The total 24 hours’ urine of three days was examined 
during the preliminary control period, but not until four 
days had elapsed after the first short X-ray exposure, so 
that the results would not be influenced thereby. 

X-ray exposures were begun July 4 and continued 
daily except Sunday until August 1, making 26 applica- 
tions in all. She then returned home for a few weeks. 
The exposures were made over the neck and thorax in 
front, the rest of the body being protected, and a wet filter 
was used over the exposed area. The average duration 
was about 14 minutes from a medium tube of 2 to 3 inches 
spark resistance, with the anode 10 to 12 inches from the 
skin. A mechanical spring interrupter was employed and 
a secondary current of 1% to 2 milliamperes used. There 
was a marked erythema at the time we stopped the treat- 
ment. There has been a decided and progressive improve- 
ment in every respect since beginning treatment. After a 
very few exposures she was able to sleep in a recumbent 
posture and on either side, and now she has no dyspnoea, 
even when going upstairs. The blood count made July 8, 
the day she left the hospital, showed: 

Red cells, 4 240,000. 
Leucocytes, 6,560. 
Haemoglobin, 62 per cent. 
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Polymorphonuclears, 8&1 per cent. 


Lymphocytes, 6 per cent. 
Large mononuclears, 6 per cent. 
Transitionals, 6 per cent. 
Eosinophiles, I per cent. 


The portion of the growth in the neck has now dimin- 
ished in size and is softer. Dullness is not so pronounced 
in the regions of the apices, and the breath sounds are more 
nearly normal. By comparison of the skiagraph made a 
few days after beginning treatment, with the one made 
after the last exposure, we find some reduction in the size 
of the intrathoracic portion of the growth, amounting to 
about 3% of an inch in the width of the shadow. Along 
with this rather slight but encouraging decrease in size 
there must have been considerable reduction in density to 
account for the marked improvement in pressure symptoms. 
While she has been under observation there has been no 
elevation in temperature. The respirations have been 
slightly increased (20 to 24) and the pulse was accelerated 
at first averaging about 100, but has now come down to 
normal. 

In the metabolism investigations the total output of 
nitrogen, uric acid, chlorides, and P2 O5 was estimated. 
For the first 24 hours after the treatment was started the 
waste tissue products showed, with the exception of nitro- 
gen, a decrease below the average of the preliminary con- 
trol period, but on the second day there was a recovery. 
and the average for the first four days of treatment showed 
an increase in P2 O5 and nitrogen. and a decrease in uric 
acid and chlorides. The patient was discharged from the 
hospital July 8 after these investigations were finished and 
readmitted July 24 and again placed on the special diet 
and the waste products estimated for three days, July 27 
to 29. The average percentage of increase or decrease 
over the preliminary control period is shown in the ac- 
companying table: 

By comparison of these results with those of the in- 
vestigations in leukaemia reported last year, we find a 
decided contrast. In the typical case of pseudoleukaemia 
there is no evidence of an excessive tissue destruction, 
neither during the first few days of X-ray treatment nor 
during the third week, by which time there had been a 
recognizable decrease in the size of the large mass. More- 
over, what little increase there was in elimination did not 
appear at once as in the second leukaemia case. In our 
Hodgkins’ case the increase in elimination of waste tissue 
products is no more than we would expect to find during 
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the slow destruction of any other variety of growth of 
like size responding to X-ray treatment, but the increase 
manifested itself earlier. The results in pseudoleukaemia 
differ on the one hand from those in leukaemia, in which 
the treatment not only causes a reduction in the size of 
an enormous splenic tumor, but also we are presumably 
stimulating an antolytic process which may or may not 
cause the reduction of the splenic mass, but at least insti- 
tutes an almost immediate destruction of enormous num- 
bers of leucocytes circulating in the blood. In contrast 
with a carcinoma on the other hand, the evidences of tis- 
sue destruction are ‘manifest much earlier in pseudo- 
leukaemia, and the experimental investigations of Heineke 
and of: Warthin explain the reason. 

The researches of Heineke (91) were undoubtedly the 
most valuable investigations in X-ray pathology up io the 
time of his report, and form the basis for our present 
knowledge of the action of the X-ray upon lymphatic 
structures. He found that the exposure of guinea pigs 
for several hours to the rays almost invariably resulted im 
death, and the white cells of the bone marrow and al! 
lymphoid structures were destroyed, and the process was 
analogous in all these tissues. In the bone marrow, for 
instance, the process started at nearly the third hour, 
reached its height at about the eleventh hour. and termi- 
nated by the end of the fifth or sixth day. He determined 
that in a rabbit or moderate-sized dog the minimum ex- 
posure necessary to institute any degenerative changes was 
15 minutes. The lymphocytes were always the first to 
react. All these changes occur without any reaction of 
note in the skin. The reaction of the lymnhoid tissue of 
man is not so prompt nor so decided. He deduces the 
important fact that when tumors of lymphatic origin re- 
generate or recur elsewhere after an apparent disanpear- 


. ance or destruction, and X-ray treatment is suspended, it 


goes to show that although the principal manifestation of 
the disease has been eliminated, the treatment has not 
reached nor removed the cause. This statement has an 
important application in the treatment of leukaemia and 
pseudoleukaemia, in which relapses following apparent 
cures are sO very common. 

About the same time, but independently of Heineke, 
Warthin (92) made similar researches and obtained prac- 
tically the same results. He observed changes in the lym- 
phocytes in the spleen within 14 minutes after an exposure 
of half an hour, and found that disintegration continued 
for several days. As in Heineke’s experiments, exposures 
of five hours or more caused death in from two to five 
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days, and always before the eleventh day. He found that 
white rats were especially susceptible. The action upon 
lymphatic glands was similar, and repeated short expos- 
ures caused ultimate necrosis, but it was possible for re- 
generation to take place if the applications were discon- 
tinued. The reaction of bone marrow was much less 


marked, and single short exposures produced no perceptible 
changes. 


It is evident, therefore, that the lymphatic structures 
are not only the most susceptible of any tissues in their 
reaction to X-rays, so far as we know, but also destructive 
changes may begin almost immediately after exposure. 
The sudden and remarkable increase in elimination of 
waste tissue products in leukaemic patients so treated can 
be explained by the autolytic action upon the leucocytes of 
the blood, but whether the destruction takes place in the 
lymphatic structures alone, especially the spleen and bone 
marrow, or also in the blood, cannot be said to have been 
definitely proven. The researches of Smith and Capps 
(93) would tend to prove that the blood did, under such 
circumstances, contain an autolytic agent. In  pseudo- 
leukaemia the exact cause of destruction is more difficult 
to determine. It if were dependent upon autolytic action 
alone, as is the cause of lymphoid degeneration assumed 
from Heineke’s experiments, it would be expected that 
there should be a marked decrease even below normal of 
the leucocytes in the blood of a natient treated for gen- 
eralized lymphatic enlargements in pseudoleukaemia, but 
such is not the case. 


A third case of supposed Hodgkins’ disease was 
treated this year and metabolism investigations made in 
connection therewith. 

Case No. 7. T.C. D., male. 45 years. He presented 
marked enlargements of the glands on each side of the 
neck, causing great pain and considerable dyspnoea, and 
showing a tendency to soften. There was also an en- 
larged gland in the epitrochlear region of the left arm. 
The patient was very weak and emaciated, and the blood 
examination showed a symptomatic anemia. X-ray treatment 
was started May 14, 1906, and he was given four daily 
exposures of 8 to 10 minutes to the neck and one to the 
spleen. After this his general condition and the pressure 
symptoms demanded more radical procedures, and most 
of the enlarged cervical glands were excised. The path- 
ologist reported the condition to be tubercular adenitis. 
The case is of interest only because the metabolism inves- 
tigations showed practically no change in the elimination 
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of waste products under X-ray treatment. 

In reviewing the literature on pseudoleukaemia, 40 
cases have been collected in which X-ray treatment was 
used, and this represents nearly all the references to be 
found. A few more cases may be added when a small 
number of additional articles are examined. In reply to 
letters concerning the subsequent histories of patients pre- 
viously reported, some writers have made mention of a 
few additional cases, which will be included in the sum- 
mary. As in leukaemia, the reports do not include per- 
haps more than half the cases treated, and for the same 
reasons. 

Summary of the 44 cases reported: 

Cases reported >in literature.................. 40 
Cases fully reported by letter................ 


In all but two of these cases, the primary results ob- 
tained by the treatment have been found, and are as fol- 
lows: 


Not affected, or improv-d but slightly......... 10 


Of the 44 cases included in the table, final reports 
have been received or found of 29, or 66 per cent. Three 
patients are known to have disappeared during or after 
treatment, and the authors have no knowledge as to their 
subsequent histories or whereabouts. Final reports of the 
remaining 12 cases could not conveniently be obtained at 
present. 

Out of the 29 cases in which the final outcome or pres- 
ent condition are known, 7 are still alive and well three 
to four years after the first symptomatic cure, and 1, one 
year afterward. Seventeen have died of the disease actu- 
ally, or as a result of it, and 2 more will probably die soon. 
The remaining ‘two cases are still under treatment. At 
least four of the patients died during relapses, and four 
of those still living have had relapses. 

In conclusion, out of 29 cases reported fully to date 
(or 66 per cent of the total number) 24.1 per cent are alive 
and well three to four years after the first symptomatic 
cure, and altogether 27.6 per cent. are alive and well; 65.5 
per cent are dead or will soon diz, and 6.9 per cent are 
still under treatment. 


It may be of interest to note that at least three cases 
have died as a result of toxemia induced by the treatment, 
two have died of peritonitis following intestinal perfora- 
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tion, one of tuberculosis, and one of inspiration pneumo- 
nia following an operation for removal of glands in the 
neck. 

The results of X-ray treatment of this disease are 
not, I think, as encouraging as most of us had believed, 
but they are very much better than in leukaemia. In view 
of the high death rate, the frequency of relapses, and the 
results of experimental research, the X-ray can hardly be 
termed a specific therapeutic agent in pseudoleukaemia. 
However, it certainly has a marked influence upon the 
disease, and the general condition of the patient generally 
improves to such an extent that a symptomatic cure may 
frequently be obtained. But the cause is probably not re- 
moved by the X-ray, and if the patient remains well, the 
treatment has brought about such a favorable state of 
affairs that the etiological factor disappears through some 
other agency. The points in favor of this treatment are: 

1. A cure for at least two to four years in something 
like 25 per cent of cases treated. 

2. Life is prolonged by improvement in the general 
condition and by relief of pressure symptoms during a 
period of comparative comfort. 

3. No other therapeutic agent is capable of as good 
results. 

4. By further improvement in technique and better 
understanding of the pathology, even better results are 
possible. 

The first report of a case of pseudoleukaemia treated 
by the X-ray was made bv Pusey (6) in January, 1902. 
Later in the same year, Stover, Hett, Dunn and Childs 
also reported cases. From then on the references in lit- 
erature are numerous and frequent. 


Polycythaemia. 

The literature concerning any form of treatment of 
this condition is scarce, and I have found records of four 
cases only treated by the X-ray. There have been un- 
doubtedly numerous other cases so treated and not report- 
ed because of the failure to accomplish any good results. 
The administration of arsenic and splenectomy seem to be 
the methods more generally employed, while deprivation 
of iron, venesection, and radiotherapy (98) are among the 
other measures that have been tried. The results cannot 
in any case be said to be very favorable. Turk (94) re- 
ports seven cases with enlarged spleen, in only one of 
which was there any improvement. This patient was 
treated with arsenic, which was administered with the idea 
that it checks the proliferation of the blood-forming tissues 
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as in splenomedullary leukaemia. In one of Heineke’s 
early reports (95) of his experiments, he states that after 
prolonged exposures there were evidences in the spleen 
of a destructive action of the rays upon the red corpuscles. 


In the absence of more definite knowledge, it would 
seem that the splenic area at least is the proper one for 
X-ray exposures in patients so treated. Pfahler (96) last 
year reported one case under X-ray treatment, with im- 
provement while continuing the exposures. Eichberg (97) 
states that Joachim and Kurjuwet have reported two cases 
so treated, and last year I made a preliminary report of 
one case under my care (28). As a detailed report of 
this case will probably be published later, I shall mention 
simply the further progress under X-ray treatment: 


Case No. 8. W. B., male, 22 years. Referred by Dr. 
Stengel, May 13, 1905. Red cells were over 10,000,000, 
marked cyanosis, slight dyspnoea, general weakness, 
slight enlargement of the spleen. Fifty exposures of 5 to 
IO minutes each were made over the splenic area from 
May 13 to Sept. 24, 1905, after which the preliminary 
report was made. A hard tube was used, with the anode 
about 12 inches from the skin. Up to that time his gen- 
eral condition was improved, he felt stronger, and ihe 
blood count varied from 8 to 9% millions. From Sept. 
24, 1905, to the present time he has received 70 additional 
exposures, averaging two per week regularly until July 
21. The count was as low as 7,110,000 in May, and the 
patient then felt fairly well, but was still weak. When 
last seen, August 4, he was in about the same condition 
as when first treated, and the question of splenectomy was 
being discussed. He has never had any other form of 
treatment than the X-ray, and has been working continu- 
ously while under our care. The accompanying table 
for our own reputations and protection we have the right 
to demand a satisfactory report from the clinician referring 
the patient to us. and for the same reasons applied to 
himself he should be careful to give one. No more than 
this is required by the surgeon before he orders the anaes- 
thetic administered to his patient. Dr. Edsall has given 
this advice to the clinician, and I take the liberty of putting 
it in proper form to be received by the X-ray specialist. 
shows the blood counts since the last report: 


September 16, 7,950 000 
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been treated by the X-ray. 


with diphtheria antitoxin. 


with better results. The 


January 6, 1906...... 


Splenic Anemia. 

In going over the literature on the other conditions 
included in this paper. I have collected reports of 12 cases 
of splenic anemia treated by the X-ray. 
treated three cases, with some improvement, though the 
reaction has been slow. Pulley (100) reports two cases 
improved. Schirmer (101) refers to four cases improved. 
Krause (59) treated three cases, with improvement of the 
blood condition, but the spleen was not reduced in size. 

Pernicious Anewia. 
So far as I know, five cases of pernicious anemia have 
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9,240,009 
8,800,000 
8,500,000 
8,240,099 
8 160,000 
9,030,000 
7,720,000 
7,110,000 
8, 390.000 
7,420 900 
9,430,000 


9,080,990 
7,969,090 
8,725 909 
8,920,099 
10,020,000 


W. B. C., 10,300. 
Haem., 135%. 


Bozollo (99) has 


Renon and Tixier (102) re- 


port one case in which the X-ray was used in conjunction 
The disease was of 18 months’ 
duration. and the patient a woman 68 years of age. 
three months of combined treatment, the red cells rose 
from 880.000 to 2,405,000 and the leucocytes from 2,000 to 
4,009, and her general health was considerably improved. 
As the reaction to each agent was found to decrease grad- 
ually as treatmert progressed, they were used alternately 
substance of their theoretical 
grounds was that the bone marrow was stimulated by leu- 
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coylysins due to X-ray destruction of leucocytes, and by 
hemolysins formed by the action of the antitoxin. 


Last year I referred to two cases treated at another 
hospital in Philadelphia. In one there was rapid and 
marked improvement under X-ray applications, followed 
by a relapse one year later, but again responding rapidly 
to the same treatment. This patient is probably still alive. 
The second patient, who showed evidences of an intoxica- 
tion, received one exposure of 8 minutes over the thighs, 
and this was followed in a few hours by alarming symp- 
toms, terminating in death in 24%4 weeks. At this same 
hospital, strange to say, a third case has been treated lately, 
and when last heard of, the patient was improving. 

In November, 1905, I was induced to try the effect of 
the rays on a case of pernicious anemia referred by Dr. 
Stengel. Realizing the dangers of such a procedure, the 
exposures were to be exceedingly short, and Dr. E-sall 
had the case under observation for the effect upon met- 
abolism. The patient, a male, aged 38 years, had a blood 
count near 1,000,000 red cells, some elevation of tempera- 
ture, an irritable stomach and was considerably prostrated. 
The elimination of waste tissue products during a prelim- 
inary control period gave evidence of toxic tissue destruc- 
tion. On Nov. 11 I gave him one exposure, lasting only 
4 minutes, over the abdomen,-using a hard tube of 4 inches 
spark resistance, with the anode 12 inches from the skin. 
A mechanical spring interrupter was used, and the second- 
ary current was one milliampere. In three or four hours 
he had a chill and vomited, the temperature rose to 103, 
and for several hours he was alarmingly ill. During the 
first 24 hours the elimination of tissue products was re- 
duced about 50 per cent., and during the second 24 hours, 
while he was recovering, the nitrogen and P2 O5 rose 
markedly, but did not reach the average point of the pre- 
liminary control period until the third day. The uric acid 
did not recover for four or five days. The patient died 
three weeks after the one exposure, which was not 
repeated. 

These facts are worthy of serious consideration. 
While not believing that X-ray exposures are absolutely 
contra-indicated in pernicious anemia, I shall hereafter be 
emphatic in my refusal to treat, or even skiagraph except 
for urgent necessity, such a patient unless metabolism in- 
vestigations are carried out in conjunction, and the indi- 
vidual does not show evidences of a toxemia and does not 
react to other forms of treatment. It is not always pos- 
sible to study the metabolism in our patients, and, in fact, 
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for many of us it will be impossible, but Dr. Edsall thinks 
that as a rule the estimation of the uric acid, accompanied 
by a careful urine analysis, will answer, and this is the 
easiest and quickest of determination of all the products. 


In connection with this subject it may be well to men- 
tion some facts concerning another of Dre Edsall’s cases. 
A patient with rheumatoid arthritis was given a few min- 
utes’ exposure to the elbow, the remainder of the body not 
being protected. The clinical phenomena and the, results 
of the metabolism investigations were exactly similar to 
those in the case just mentioned, and even more striking 
in some respects. These experiences should be sufficient 
to teach us a lesson in caution. In addition, by “reading 
between the lines” while reviewing the literature on leukae- 
mia and pseudoleukaemia I have found several instances in 
which rather sudden death has resulted from evidently 
indiscreet X-ray exposures. You may be assured that 
there is sufficient evidence at hand to warn us not to ex- 
pose to X-rays, either for therapeutic or skiagraphic or 
fluoroscopic purposes, patients suffering from grave dis- 
eases, especially when there are evidences of severe tox- 
emias. In such a category I would place such conditions 
as pernicious anemia, pneumonia, typhoid fever, acute 
nephritis, pyemia, and, under certain circumstances, even 
leukaemia and pseudoleukaemia. Certainly the rays should 
not be used for experimental purposes in such cases. 

It is possible to recall one instance of a short skia- 
graphic exposure markedly influencing metabolism. In 
January, 1906, Dr. Edsall referred a case of unresolved 
pneumonia for application to the left side of the chest, 
with the view of hastening, by means of the stimulation 
of antolysis, a resolution which had been at a standstill 
for two weeks, and also to study the metabolism, as had 
been done with several other cases. Before beginning the 
treatment I desired to make a skiagraph of the chest for 
comparison and deferred the therapeutic application until 
the next day. Although this skiagraphic exposure lasted 
but 8 seconds, the effect upon metabolism was remarkable. 
The output of nitrogen rose over 100 per cent. during the 
following 24 hours, and the chlorides increased about 60 
per cent. After this, 5-minute mild exposures were given 
daily, and as resolution progressed the elimination grad- 
ually subsided to the normal point of the control period 
on the eighth day, when all abnormal physical signs had 
disappeared. 

In concluding these remarks concerning some of the 
dangers attending X-ray applications, let us realize that 
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for our own reputations and protecteon we have the right 
to demand a satisfactory report from the clinician referring 
the patient to us, and for the same reasons applied to 
himself he should be careful to give one. No more than 
this is reqnired by the surgeon before he orders the auaes- 
thetic administeree to his patient. Dr. Edsall has given 
this abvice to the clinician, and I take the liberty of putting 
it in proper form to be received by the X-ray specialist, 
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Dr. GEoRGE E. PFAHLER, Philadelphia: These two papers rep- 
resent a great deal of work and they are most valuable. There 
is nothing that we need more than just such investigations ar 
these. They hold our enthusiasm in check and warn us of the 
dangers to our patients and to ourselves, especially those of us 
who are doing a great deal of fluoroscopic work. If these effects 
are produced on patients treated for leukemia or for other diseases, 
why should the prolonged use of the ray not affect us as radiolo- 
gists, I think we would do well to take heed and not examine any 
case fluoroscopically, especially not merely to satisfy the curiosity 
of another physician.- We should be masters of the situation end 
only choose such cases for fluoroscopic work as ean not be ex- 
amined satisfactorily by the plate. 


The case of polycythemia to which Dr. Pancoast referred and 
to which I ealled your attention last year, Dr. Pobertson and I 
still have under observation. I saw him once a month ard gave 
him a treatment. I have not had careful investigations made on 
the effect of the X-ray on metabolism, but in a general way my 
patient is healthy and feels comfortable. His spleen is still large 
and has never been reduced more than two-thirds its original size. 
His red corpuscles remain about the same as they were originally, 
numbering about eleven million. 


Referring to the changes produced by the X-rays in the kid- 
neys, I have a patient who has a mediasteinal carcinoma that I 
treated three years ago, the first six months every day for about 
thirty minutes. Later she has had treatments only three times 
a week. If the changes in this patient’s kidneys are as marked 
as those recorded by Dr. Warthin we would surely expect her to 
be dead before this because the kidneys were exposed indirectly 
to the rays all the time, for part of the time I was treating the 


stomach and uterus, which showed symptoms of involvement by the 
carcinoma. 


Dr. CHARLES LESTER LEONARD, Philadelphia: This subject is 
one of the utmost importance and from the papers we can draw 
lessons of value in many respects. One point must be emphasized 
strongly; that is that the cases reported are reported as being 
pathologie conditions treated by the X-rays. There is today in 
the profession a widespread misconception of these reports wf 
eases. Doctors are saying that it is dangerous to have a patient 
exposed to the X-ray no matter what the trouble, even to have a 
skiagraph made. I heard it said at the American Medical Asso- 
ciation that it is dangerous to have a patient’s eyes examined for 


the purpose of locating a foreign body because of the changes that 
might take place. 


We must draw a distinet - between cases that are patho- 
logic and those that are norm 


, the latter being referred only 
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Dr. GEORGE E. PFAHLER, Philadelphia: These two papers rep- 
resent a great deal of work and they are most valuable. There 
is nothing that we need more than just such investigations ar 
these. They hold our enthusiasm in check and warn us of the 
dangers to our patients and to ourselves, especially those of us 
who are doing a great deal of fluoroscopic work. If these effects 
are produced on patients treated for leukemia or for other diseases, 
why should the prolonged use of the ray not affect us as radiolo- 
gists. I think we would do well to take heed and not examine any 
case fluoroscopically, especially not merely to satisfy the curiosity 
of another physician.. We should be masters of the situation end 
only choose such cases for fluoroscopic work as ean not be ex- 
amined satisfactorily by the plate. 


The case of polycythemia to which Dr. Pancoast referred and 
to which I called your attention last year, Dr. Pobertson and I 
still have under observation. I saw him once a month ard gave 
him a treatment. I have not had careful investigations made on 
the effect of the X-ray on metabolism, but in a general way my 
patient is healthy and feels comfortable. His spleen is still large 
and has never been reduced more than two-thirds its original size. 
His red corpuscles remain about the same as they were originally, 
numbering about eleven million. 


Referring to the changes produced by the X-rays in the kid- 
neys, I have a patient who has a mediasteinal carcinoma that I 
treated three years ago, the first six months every day for about 
thirty minutes. Later she has had treatments only three times 
a week. If the changes in this patient’s kidneys are as marked 
as those recorded by Dr. Warthin we would surely expect her to 
be dead before this because the kidneys were exposed indirectly 
to the rays all the time, for part of the time I was treating the 
stomach and uterus, which showed symptoms of involvement by the 
carcinoma. 


Dr. CHARLES LESTER LEONARD, Philadelphia: This subject is 
one of the utmost importance and from the papers we can draw 
lessons of value in many respects. One point must be emphasized 
strongly; that is that the cases reported are reported as being 
pathologie conditions treated by the X-rays. There is today in 
the profession a widespread misconception of these reports uf 
eases. Doctors are saying that it is dangerous to have a patient 
exposed to the X-ray no matter what the trouble, even to have a 
skiagraph made. I heard it said at the American Medical Asso- 
ciation that it is dangerous to have a patient’s eyes examined for 


the purpose of locating a foreign body because of the changes that 
might take place. 


_ We must draw a distinct line between cases that are patho- 
logie and those that are normal, the latter being referred only 
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for X-ray examination. If it is coming to the point where it is 
dangerous to examine a patient with the X-ray for stone in the 
kidney, I want to know why. We have records of thousands of 
eases at the present time that have been examined with the X-ray 
for disease of the kidney, and among these there is not one case 
in which injury has been done to the kidney. I have examined 
over 340 cases for stone aud in not one of these cases was the 
condition of the urine changed or made pathological. 


There are many other lessons that can be drawn from these 
two very excellent papers, which have advanced our knowledge 
very much, I have lately called attention to the absence of in- 
sight into the value of the X-ray treatment which has been shown 
by surgeons. (Castes were reported recently in Philadelphia, and 
every surgeon present at the meeting confirmed what the surgeon 
who read the paper stated—that he found the lymphatic chan- 
nels totally destroyed where treatment had been given for a 
tubercular adenitis of the neck, and that it was difficult on that 
account to remove the glands. In another case, one of carcinoma 
of the breast, the lymph channels were solid cords, making it 
difficult to remove the breast. I cannot understand why it was 
necessary to remove that breast if the lymph channels were de- 
stroyed. If we can succeed in destroying the lymph channels 
then we have complete control of the disease. Nothing can show 
better the value of the ante-operative treatment than destruction of 
ment that the lymph tissues are the first to be destroyed), because 
if we can destroy the lymph channels we prevent metastasis. We 


convert a general disease into a local one and we ean then con- 
trol it. 


The trouble is that in the postoperative cases the lymph chan- 
nels are open and there ‘is a hastening of the metastatic process 
and the disease recurs in spite of the X-ray treatment. In 
eases of malignant disease the best thing to do is to treat with 
the X-ray before operation, destroying the lymphatics, then re- 
move the mass of the disease and destroy any remaining vestiges 
of the disease with the X-ray afterward. 


Dr, S. Mason McCoLuin, Philadelphia: I can bear out what 
Dr. Leonard says. The case of carcinoma of the breast to which 
he referred I was interested in myself. The family history was 
very bad. The mother, father, sister and an aunt had all been 
operated on for carcinoma. The patient received X-ray treat- 
ments from me for a considerable time and afterward she was 
operated on. The tumor was examined microscopically and there 
was no reason whatever for operation. Four knives were dulled 
during the operation. The lymphatics were destroyed entirely and 
I can see no reason whatever for taking off that breast because 
there was no longer any danger of metastasis. 


Dr. CHARLES F. Bowen, Columbus, Ohio: I recall a very un- 
fortunate instance, that of a boy, five years of age, who had a 
a very severe headache. At nine o’elock in the morning of the 
ment at nine o’clock in the morning, and that afternoon he had 
lymphatic leukemia of two months’ duration. I gave him a treat- 
seeond day I gave him another treatment of four or five minutes’ 
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duration. That afternoon he had a convulsion and during the 
night he died, I believe death resulted from a toxemia. 

Dr. WILLIAM H. DierreNBAcH, New York City: In the past 
three or four years I have treated three cases of Hodgkins’ dis- 
ease and one case of splenomyelogenous leukemia. I was par- 
ticularly interested in the complete report which Dr. Pancoast 
gave us on the action of the X-ray on metabolism and on the 
lymph tissues. It corroborates what I have observed in my work. 

The first case I treated occurred shortly after Dr. Senn re- 
ported his success with the X-ray in the treatment of leukemia. My 
case was one of absolute Hodgkins’ disease as was shown by the 
blood examination. My patient was treated for ten months, three 
times weekly, and is symptomatically cured. In the second case 
after the first treatment the glands diminished so rapidly that I 
suspended treatment and sent the patient home. Two days after- 
ward his physician wrote me that he had developed a temperature 
of 106 degrees Fahrenheit. The man died within two days. That 
seemed to me rather a severe blow to our expectations of an ap- 
parent cure of the inflammatory enlargement, and that induced me 
to change my treatments. Instead of giving ten minute treat- 
ments three times weekly, I reduced the time to two and three 
minutes tri-weekly. 

Of the three cases of Hodgkins’ disease two died; the other 
was cured symptomatically. I feel that by having reduced the 
dosage of the X-ray I eliminated the danger of toxemia, which 
was referred to in the papers. Mild radiation is sufficient to pro- 
duce a change in the lymphoid tissues and to destroy the lymphoid 
cells. 

My case of splenomyelogenous leukemia had over 52 per cent. 
of myelocytes. That patient has been under observation for two 
and a half years. The myelocytes have been reduced to twenty 
per cent., and the patient is in apparent good health. We have 
undoubtedly prolonged her life, so that in the case of a disease 
which formerly was considered intractable we find in the X-rays 
a measure that will help us to keep these patients in fairly good 
condition. The patient was rayed for one, two or three minutes at 
one sitting. I attribute her long life to the mild treatments which 
caused less toxemia. The spleen extended over an inch and a 
half to the right of the umbilicus. At present writing the spleen 
has been reduced to about twice its normal size and the myelocytes 
are down to 100 per cent. This patient was treated by alternately 
raying the spleen and the long bones (femur, tibia, ete.) twice a 
week, radiations from a hard tube being given for from three to 
five minutes at each sitting. 

Dr. WELLS, St. Louis, Mo.: I want to show you a slide rep- 
resenting a man fifty years of age, otherwise in good health, who 
had a carcinoma of the right side of the brow. After an ex- 
posure of fifteen minutes’ duration he became drowsy. In half 
an hour he went into a state of semi-coma, then coma, death ensu- 
ing fifteen hours afterward. I made inquiry among the members of 
his family in order to ascertain whether or not he had had a 
nephritis or other constitutional disease. From his physician I 
learned that the man had been a nephritic at one time and had 
suffered from an acute uremia, thus, according to the Pancoasi 
theory, explaining the suddenness of his death. 

Dr. GEORGE C. JOHNSTON, Pittsburg, Pa.: I am very glad, 
indeed, that Dr. Warthin has given us a description of the actual 
pathologic changes that take place in the kidney after that organ 
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has been exposed to the X-ray. It has been a matter of common 
knowledge among roentgenologists that prolonged radiation is some- 
times followed by undesirable effects. In the case of every patient 
subjected to X-radiation for therapeutic effect the first thing to 
decide on is, what is the capacity of the kidneys of the patient, 
because as soon as you expose a patient to X-radiation you throw 
an overload on the kidneys. Therefore you ought to determine the 
competency of the kidney to carry a normal load, and then figure 


out how much of an overload they can ¢arry or you will get into 
trouble. 


Usually in the case of a patient under twenty years of age 
the competency of the kidney can be assumed unless there is a 
testing for albumen and sugar, will give you a good idea of the 
competency of the kidneys. Then figure the amount of overload 
that you dare not exceed. But it is necessary to have a careful 
examination made of the urime from time to time so as to keep 
out of trouble. 


About three years ago I had some very unfortunate experi- 
ences in that direction, none of which resulted fatally, however. 
In one case, one of acute dermatitis, a complete cast of the hand 
was thrown off with practical suppression of the urine. The urine 
was heavily loaded with albumen. The patient was being rayed 
for a small lesion of the lower lip, but it is not the size of the 


lesion that counts; it is the rapidity with which the exposed tissue 
is broken down. 


Dr. KENNON DUNHAM, Cincinnati, Ohio: There is nothing 
to which we should pay more attention than the necessity of doing 
careful work. For two years I tried to go into details, stating 
my belief that we could keep out of a great deal of trouble by 
eareful examination of the urine. We slould not limit our ex- 
amination to the determination of the presence of these abnormal 
products in the urine, but we should also make a careful quan- 
titative examination. The urine should be collected during a forty- 
eight hour starvation, We must be very careful, however, not to 
get scared. It is a very easy matter to frighten everybody into 
thinking that to come in sight of an X-ray tube is dangerous. 


The vast majority of patients who come to me have almost 
no change in the urine; no evidence of any toxemia, and yet 
once in a while it is well to postpone the treatment for a while 
and go slow. The real danger lies in the fact of being over-sure. 
The cases that have gone wrong have been cases in which we least 
expected such a result. Therefore I plead for a systematic examina- 


tion of the urine, especially for the quantitative examination of 
the urea. 


Dr. Pancoast, closing the discussion: It was not my inten- 
tion to scare anyone with regard to the danger of X-ray appli- 
cations in general, but simply to call attention to the necessity 
of care in using the rays for any purpose in certain diseased con- 
ditions. We should not experiment with such cases even though 
X-ray treatment may be indicated. I hope that no one will be 
unnecessarily alarmed by anything mentioned in my paper. 
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PRESENT STATUS OF ROENTGEN THERAPY. 
By G. H. Srover, M. D., Denver, Colo. 
Undoubtedly the greatest discovery of recent times 
was the discovery of the Roentgen ray; while there have 
been many epoch-making discoveries in commercial fields, 
some of which have greatly lessened labor and increased 
production of things important to humanity, none of the 
great commercial inventions have led to such imoortant re- 
sults in producing absolute benefactions as has the finding 
of the Roentgen ray; even comparing it with its immediate 
great predecessor, the anti-toxin of diphtheria. one’ is 
tempted to credit the Roentgen ray with having the larger 
field of usefulness. 


With regard to the theraneutic use of the Roentgen 
ray, one is somewhat astonished to note that so few hopes, 
later found to be impossible of realization, were indulged 
in by the early workers in the field of this marvelous dis- 
covery; it is remarkable that so many of the early beliefs 
as to its usefulness have been proven by careful scientific 
study. The reason for this is not hard to find; the men 
who did the first therapeutic work with the Roentgen ray 
were trained scientific students whose habits of mind were 
careful and conservative; they were not carried away by 
the marvel of the thing: to them it was simply another 
form of manifestation of energy, its nature to be learned 
and its functions to be formulated. 


These investigations have given us a sure scientific 
foundation upon which to base our theraneutic use of the 
ray, and from which we mav predicate the action to be 
derived from it in a constantly increasing list of human 
ailments. 

In the first place, let us briefly consider what is now 
known of the physiological and pathological action of the 
Roentgen ray. 

Tissue cells exposed to the action of the Roentgen ray 
undergo degeneration. If the doses have been massive. 
the process is much like inflammation; stasis occurs in the 
small vessels, leucocytes and lymph escape into the tissues 
and if the doses have been extreme a condition of gangrene 
is produced. If the doses have been moderate the changes 
are much more gradual, resulting in a slow atrophy. Much 
of the destroyed tissue is replaced bv connective tissue. 
There is a difference in the susceptibility of different tis- 
sues, some being more quickly affected than others. 
Epithelial cells suffer earlier than others; lymphoid tissues 
are rather readily affected. Leucocytes are very suscep- 
tible; the intima of arterioles is somewhat resistant, 
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changes in the blood vessels taking place late in the pro- 
cess. Diseased or abnormal tissues have less ability to 
resist the destructive action of the rays than have healthy 
ones, and this is the whole rationale of Roentgen therapy. 
The therapeutic action of the Roentgen ray can be summed 
up in the one statement that it produces a degeneration of 


tissues, the unhealthy and abnormal tissues being the first 
to succumb. 


In considering the present status of Roentgen therany 
in specific instances of disease, we must first follow the 
example of our continental confreres, and make a distinc- 
tion between rodent ulcer and cutaneous epithelioma. The 
Roentgen ray is practically a specific for rodent ulcer; the 
same cannot be said of cutaneous epithelioma, though many 
such epitheliomata have been cured by the ray, and many 
more will be cured by it as time goes on. Enitheliomata of 
the lip and of the eyelid are often troublesome to the 
Roentgenologist and many of the attempts to cure them by 
the use of the Roentgen ray will be unsuccessful. It would 
seem that carcinomata of mucous membranes are more re- 
sistant to the ray than are those of the skin. I have, how- 
ever, under observation, a patient whom I treated for car- 
cinoma of the tip of the tongue, who has had no recur- 
rence in the fourteen months that have elapsed. The diag- 
“nosis was confirmed by a microscopic examination of a 
small piece of the growth. 


Carcinoma of the internal organs is not slut for 
Roentgen therapy as a primary measure in most cases; this 
is probably due to the fact that the disease has made heavy 
inroads before it is discovered. After operation, these 
cases should have Roentgen therapy. As to carcinoma of 
the breast I do not feel like making the positive statement 
that the Roentgen ray is the proper treatment; I have 
usually felt that I could not afford to oppose surgical treat- 
ment, yet I have indubitable evidence of the efficacy of the 
Roentgen ray here. The ray ought always to.be applied 
after surgery in this disease, and just as certainly should it 
be used when a recurrence takes place: after operation. 
Why, then, should it not be used as a primary measure? 
At the present time I feel that I must, when called upon 
to speak of the advisability of Roentgen therapy for a 
patient who has cancer of the breast, advise her very posi- 
tively that a thorough operation is demanded; if she 
absolutely refuses this (anu in my own heart I do not 
blame her much if she does refuse, in many of the in- 
stances that I see) then, and not until then, do I say that 
I will treat her. I take this position because, in spite of the 
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many failures of surgery to cure these cases there are very 
many that have been cured, and Roentgen therapy has not 
as yet a sufficiently great number of authentic cures in 
this disease to justify me in placing it before surgery as 
the best remedial measure. I do, however, look forward 
to the time when I shall be able, in cases not too far ad- 
vanced, to believe and say that Roentgen therapy is prope 
Certain instances of sarcoma are undoubtedly apparently 
cured by Roentgen therapy. It would seem that benefit is 
derived from the administration of Coley’s toxin also. 


In tuberculosis of the skin as luvus vu'garis and its 
varieties. Roentgen therapv is the remedv var excellence. 
In the Roentgen therapy of tubercular g'ands, my results 
have been extremely satisfactory and other operators will 
make the same statement. I think surgery is a secondary 
consideration in this disease. As to bone tuberculosis, my 
experiense is quite limited; few cases of this kind come to 
me for Roentgen therapy, and quite properlv; the Roentgen 
ray must be used in the diagnosis of these cases, but 
surgical treatment is demanded; in one patiert where sur- 
gical intervention did not succeed, the ray did so; in an- 
ether, a tuberculosis of the sternum. both the surgeon and 
I failed to do any good. I have had but few cases of joint 
tuberculosis under Roentgen therapy. but have had good 
results, the disease beirg located in the smaller joints. 


Personal'y, I have had too little experience in the 
treatment of pulmonary tuberculosis with the Roentgen ray 
to*make a statement as to its having anv efficacy; others 
have reported good results, but it will toke a long series of 
reports to place Roentgen therapy in the list of availables. 

Recent literature has said a good deal of the benefit 
to be derived from Roentgen therany in leukaemia, and un- 
doubtedly a marked change hs been produced in many 
cases, but it has seemed to me that the benefit has been only 
temporary; of course even that is des'rable when no more 
can be done; it shou'd be remembered that temporary im- 
provement often occurs spontaneously in this disease. 

The report a short time ago by Anders of definite 
benefit in some cases of arthritis deformans opens a field 
of usefulness for Roentgen therapy in what has always 
previously been a hopeless disease. 

I do not see of late many reports of the treatment of 
Hodgkins’ disease by the Roentgen ray; formerly I had a 
number of these cases on hand, with beneficial results, but 
it has been a long time since I have seen a patient with 
this disease ; possibly I have cured all there was in my part 
of the country, and the men in cther localities have done 
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the same. 

Not much use of the Roentgen ray has been made in 
the treatment of syphilis. It is rational to believe, in view 
of the action of this form of energy upon this form of 
tissues that it should be useful, particularly in specific 
neoplasmata, thickenings, etc. 


In the field of dermatology we have much good work 
being done by the Roentgen ray in the cure of stubborn 
diseases. The remarkable results in acne alone make 
Roentgen therapy worth while; beside acne. though, are 
many other skin diseases where the usefulness of the 
Roentgen ray stands out prominently, among these being 
hypertrichosis, hyperidrosis, psoriasis, lupus erythematosus, 
ringworm, favus, sycosis, folliculitis, barbae, mycosis, ke- 
loid, chronic, eczema, cornu cutaneum, alopecia, seborrhoea, 
rosacea. and some time ago a report was made concerning 
some cases of leprosy which had received benefit from 
Roentgen therapy. 

The use of the Roentgen ray for exophthalmic goitre 
has been attended with results pointing to usefulness. It 
has been used for prostatic hypertrophy with mitigation of 
the symptoms; in my own hands I have been so well satis- 
fied with the effect of the Morton wave current in suitable 
cases that I have not used the Roentgen ray in these cases 
for some time. 


The Roentgen ray ought to be used alwavs after 
operation for malignant disease. for the reason that it, is 
never certain that all of the affected tissue has been re- 
moved and there is good reason to believe in the ability 
of the Roentgen ray to sterilize the surrourdine area. The 
great difficulty about post-operative Roertgen therany is in 
deciding when the exposures ought to stop. We have at 
the present time no knowledge as to what constitutes a 
protective dose. I like to. begin exposures as soon as pos- 
sible after operation and to continue them for two months; 
then give an interval of a month, repeat the exposures 
during another month, give two months’ interval without 
treatment, and then treat during a month; after that, it 
would be well if a month’s treatment could be viven every 
six months to one year for a time. Few patients have 
enough perseverance to stick to the treatment for so long 
a period. 

There are a good many conditions in which the 
Roentgen ray is not properly applicable. I do not consider 
it of much use so far as a cure is concerned in carcinoma 
of the rectum, of the uterus or the liver or stomach; the dis- 
ease is usually so far advanced when discovered that an 
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operation must be done to get rid of as much of the dis- 
ease as possible; then Roentgen therapy may be useful as 
prophylactic. I do not believe in Roentgen therapy in 
cancer of the lip when there is involvement of neighboring 
glands, except as a prophylactic measure after surgical 
treatment. Whenever an operation for sarcoma offers a 
‘reasonable hope of life to the patient, the operation should 
be performed. Melanotic sarcoma has been totally beyond 
any aid from Roentgen therapy in my hands. I have failed 
to benefit every example of simple goitre to which I have 


applied Roentgen therapy; others have reported better 
success in a few instances. 


Some symptomatic cures of fibroids of the uterus have 
been reportéd, and the idea of Roentgen therapy seems to 
me to be rational here; before the use of the Roentgen ray 
was suggested in this disease I used the continuous cur- 
rent, and have done so since that time. It has not happened 
that there has been referred to me a fibroid in which I 
cared to risk destroving the function cf the ovaries as 
might occur in the use of the Roentgen ray in this locality. 


The particular type of apparatus used to excite the 
Crookes tube is not important; it must be sufficiently 
powerful to produce a good quantity of rays of such a 
nature that they will reach the part which it is desired to 
affect; the induction coil takes up less space than the static 
machine and gives a larger output of rays. With the in- 
duction coil, if d'rect current is availab'e, either mechanical, 
Caldwell or Wehnelt interrupter may be used; where only 
alternating current sunnlv is at hand, either the Wehnelt 
interrupter, or one of the valve type using alkaline solu- 
tions will be found most useful. 


A good tube capab’e of vacuum regulation, is essen- 
tial; it is not worth while to buy cheap tubes; they are 
poorly constructed and do not last. I usually use the 
tubes which I buy for skiagraphic work as_ therapeutic 
tubes until they are seasoned, using them at first for super- 
ficial work, then for a time in the treatment of cases where 
the disease is more deeply seated, and soon they will do’ 
for skiagraph making. The operator who has a number 
of machines may shift his patient from one machine to an- 
other according to the condition of the tube, thus avoiding 
the necessity of frequently changing the vacuum in a single 
tube, which is not a good thing; it is an insult to a first 
class skiagraph tube to reduce its vacuum in order to get 
it low enough for a skin application. 


Every tube used for therapeutic nurposes otight to be 
provided with a screen which wil] limit the rays t» the 
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near neighborhood of the site of disease; it is not necessary 

to ray the patient’s whole body, and it is certainly not a 

good thing for the operator or his assistant to be compelled 

. work in rooms where the whole space is a Roentgen ray 
eld. 

I do not believe in masssive doses of the Roentgen 
ray; the amount of action cannot be safely or accurately . 
controlled when massive doses are given; as a routine, the 
best method for a majority of cases consists in giving the 
treatments three times a week; this enables one to detect 
the appearance of signs of full action, and to modify the 
length or frequency of exposure before any damage has 
been done. 

I have not as yet been able to make up my mind as to 
the usefulness of ray filters, though I have been, since 
Doctor Pfahler’s suggestion, using a sole leather filter in 
all cases in which I wish to expend the Roentgen energy 
beneath the skin without affecting that structure. 

I do not believe that we have as yet found a measure 
of Roentgen energy. Many devices have been offered, but 
all of them are subject to much error, either from the per- 
sonal equation of the operation, or on account of inherent 
physical properties in the makeup of the apparatus itself 
which lead to variations in their readings; some of the 
‘sensitive substances used are subject to change from other 
causes than Roentgen ray action; the result with others 
will vary with atmospheric conditions of moisture or. elec- 
tricity ; it seems that experience in the use of the ravs will 
enable the expert to judge as to the effect he is going io 
produce when he knows the type of machine he is using, 
the amount of primary current supplied, the kind of inter- 
rupter, and the condition of the tube. Of course, a 
Roentgenmeter which is free from the defects above men- 
tioned is greatly to be desired; it would be a great satisfac- 
tion to the expert operator and would make Roentgen 
therapy much safer in the hands of the general practitioner 
who has only infrequent use for it. 
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